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pi 



i"N a J| Jjilj /jj ^ A ^k A 4 < y < u^-& 4JLi-uj 



^ jAa r> 4 i m uij-a ^>taJ <^i.VI ,g-lc r-LiijVlj «LAjLajia-oJlj iijJuJU a m!L j i*?>r ^_i 

fi^JLnJI ^jU-JI Jin miV (jJloJI <L lu^I Ifft ^,-L i-^jlJI ^l fj^ jt j-ilj 

,—fl tAjLAA^ja «Lujjul j ■"**» j^jJj 4 J til i 1 11 p! >j-^' d a a j"" La U mjp n g 

.Ifl * \n*\ <juj*1\ JjjJI <a^.jj3 La i— flL» iAI aJUJI ^-fi 

La J-LoiLj 4jjjJlJI A yS es II *lj-»l v-ft.lfl i <«A^^p» ^-aUjj 4 m uij-aJI O 51 UT 

(^Jr. J-ojlJIj <<_ijjjlJI ^1 I fl U 'i ^j-C <Ajir.j u_fljl_JL^a ( j- a (j a.JI xJI ^>iiJI «LaJJa 

oliJ ^1 <^>*-H oLclijVI <^*ji 3e>^ l>* ^-°^ ^jLAsJI <^jJI jM=1 

.jJLJI 

<j_o ujLa^ L-Lfi 3-AJ^lJ ilajL j^LU «Lj^^I LL$J ^jVI j j hJ j" II (j-oj 
^jJI ^ ^.Li^ JjJi-aj ^1 <ol>L«i iMi J}U> <JJ>*-1I <iJJI ^1 ii-aJL*JI olilll 

■ JaJjl 
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^—^LiJ-JI |jj& ^j^j£j f^j\ ,_£ AJ)"S f\ Jl JljUuI^ ( J"^ ^ n ^ Q *L IU- UJJ-A J-oLjj 

f <Li jJL-aJI j-ouj (J - * J"" L>^ "- l K ^~ «C^-^-l^aJ 4-all" hio Jj-L^- ^f^^J jl S" J <j-* 

jj ...-> *laj ^1 <iLi>l <4jqj«^ cicipi (jJI j^lJ ^pJI iaMiJI jliiVI 5jLcjj 



fllsJa 



*J ^**^" ^j^VI rcjil^jJlj «A_^.jj)) «-oUjj ^j£. CjLoj) U n II (j-° Juj^cJJ 

.vwvw.mbrfoundation.ae :< .JJ1 £i>* SjLj jiaj <<iLSHI 









1 






«Lujjuij^aJl £c 


)A litjl t M i">l m (j* <ajj?± S^>jlaAj AjjS-a Jl Jjilj ^ 


. \ <\ -ww a d ,,«... a_q i"i6 ILk il m 


1 a J, % j f>ll 


ilJ^AJI 


Cilji-aVI <l^i u*A-> v^^ f*jBi* J' 


JjUtlj <jJ jA"i, rt W-I.mJI 



JjV A$ un -i A tU (jC jft mi l i T i^l «r» i^-l uijj tf^J ^L*. pIjj^J! U f .»J.a^ A <j^J 
(6^AOju {y* fjJjJ^ f&^J jJ-ajJbb 4. uu . u* ja1\ AjJh ^fc-t . lj .2007 jjAU/jUl 

.(jVjj otjLL 10) j»J*^>Ji jLJ-o 37 &jjj I4J t_iSj ^j^VU ^Li ,aSj 
J^L, l^iJijSj ^> tJI ^^ Cy <<jtJ*H uM ij ^^ J^ VI oe^ I 

(j-o SJuojuuuj «LaliTi hio Jjia. jl^blj » * U . tu lH CjUrV^I «C^lj-aJ ^jSa* <s*j 
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<UJAa 



A^J-kJI P J) t%\ 



i«tii§is«^^ 



^ <jjl^ yr IU t <->« \1aj _ pLoJjJI ^^A^j LaaIaj «I^j^- LaL^jI £-a-L*-1I 

^^jJp-I iimj a (j i cuIjS (^p-lc- (jr? - g. f " , jj^jjtj <J5jLLo (^^-Lc- (^ j U 'm <o4jJI elu 

<dlj jlj .^Aa II f U II jLui-o ^jJ jljjU i^r> II a^-jIjLl^ ^jl I j m r\ jjj <<jjlVJl 
aJ a (J j] £--oj 5<->j ^^ II 1 (j n f J " V <j-^' Jr?J ^ "* £ ? a " J^ OJ "^ ^^H 'JJ^ -63 
<!*Ula> U II >%" ljdA£. Jifl <<LikljJI A^j^aljj «UjJ&jJI A|1'nftVt £>£. ^^ Ij^t" n 
(j^^j .«LajjLc j}^ ""* (J-° J)^"!! (J^°J (5^' (j^tJj "> * " ST (P " jj**^" t -0 **^5 J-"I 
Lhljj .<!JLaJI 4 J ft U II LajlajL-a m j n -s ^ SjjIj jjJjJLc m j ^V 4 ft mil 6JJ* (£jj 
j^jJI fiL-aj^Jl ^j 54 n mil dJj L^-ii d>$-b f' j-uoj-o Jjt iIajI^ j^jJI <pLjjiJI ^ 

j i m A jJI SjL»V lj..\ f/"* n L^jp. J j ^ a ^jX- I i >JHJ? J .* '' CiJLijp ^jl * j o 4-jual_2k_»j 

•U^J m *"j ^-"^ f ml". II (jjja^flJI J^Ia. ^lLajJIj 

L^-iV < jj L II ii 1 <jj_ojJI %\ h~H\ <uJL*i jJL n j c-jLj^II liA jjLfl <ljl i^i"^Ij 
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i* «* s* 1? ^ 

Li^La. 'IjjLc LjJ-a. ^ .rf->^ mi II Jjj^aJI (2x^-1 J-*J 'l '^jt <l^ uM *d"l j**3" (j-o 

6J-A AJi^^ ^^5 «JjVl (^^ f*4j «6»iA.j J J 1 J ILfc g. t r«-J ^Lfl IjJ .ifl^JL-cJI JjJ-aJ 

Ijjbj ijlliVI ^jjIj mH '^ 'jj^ 1 u^ 4 '»^l f<ij» <JI iil ■%<" ml ^ tLjjiJI 

(_^J-a.l (j\ .»±*jJ-aJI ^-aJ-aull £-$-jJJ Ij-aj <LLj-aj-j 6LLajj £)( J j * * n II (j-* J-* ^ J 
iiiLaJI rjj^" "J ^ <Lm ftjll 6jj*i n «LJLsLij ■ i uaL ^jJI *£-$-lll l*lfJ c*l ft mJI 

^J <<lc jjJU (£.111 _ ^ "'J pil < mflUft ^ LLlJI jJ-aj (^^Ij <aJL*JLj iilsCLaJI 

^l Jjj^jJI 5i -<fj?"H <j>£>* mt* - Sa ±V' <ejk^H ? ^K n II «C»Ij <<jla_JI 

,-J J-L£j *i5jJ I jft A^ajJI (j^-aj lajfj-i ^j n iA <_ii pl h^^Lo pIj^Jj <a II *JI 

(La <JLu*a ,-i <jj-A^aJI j i <^U * 11 Jj>C-J < Uj i nt* II ^ <l i Ani t J J u ILc jSIjI 

J £ -* <■' -* j * 

■ik t II ^ <_LaL£JI <ial m Jl ^ *^*» ^^Lll j^a^-i-ll J+£ 6jL<Li1 ^ j-UlUI ^L*J|j 

jjfcLi.j ^IaLoJI telescope <jlji? >*£■ ^j Loais. JaJ I o 15 o LoLoj < < jJL i -^11 

^Jr, ^ j ^ , r>" S^S ilaLuij I o \* Vj_» jLLklj <Jj^^JI (j.* L$-aJjjL! JiL^. L^juJIjj 
liA .iJLc Jjlstj <iaij J^a. «-^jllj pendulum (VjaIj) Luil>»j 'J^^ 6 j" 1 "'* 

• ri^JI ^ Sj-Aj^JIj «iiJ-iUl ^ S^ljlJI (jJUJf ^LoIaJU .^-oixll g4J-aJI 
U -S a J a" 11 ^jX. <_»j-aul j a C (j^o -d a * a ^ 11 ,_* 4^ ,^ i Jj) i a 'l < ^ J _ ( o g*t*ij rr j ^ i n ,11 

jjl l'tjlr j a o ^ II (^ J^Ji VI ^i (jj I ^3jJI ^IjJ V*j idiljil frLftltJI (j^aJ 

A^in (J^?J -VL^. *U-<ai^j J V <ffj^fc i^ll 4jl5j^o ^j-fl (j^l^j^-VI Ij-A jJI jiajj 

jiJ t|JLaJI u LltUjJ »-jIj oJ^-° J* £iiaL*JI jj^illl J *l^>-*iu f4Jj£J ^LJaJI 

<J^aJl UjL>5s3f f4^1 .*L5f^JI J^J^J l-SjJJ- LSf^° <LLua^j <GjJ15j ^ ij 'i n J^JI 
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«U-A^p *i (<Ajk (^jJI pj^Jt (3^ Jj-*^ p j^ J^ o^^ h j <aJI*U f-jj-aJI jlaIaIII 

pLj^j_fl >§** (j' Oj f ' ^ p fl.jj-jua ^-J-cLa ^jj ^ j tf\\ m? A-ftjj-ajLjLjO Lol .^-o^LajJI 

^J j-i-Aj^j m J^j^" ^b <o+j '"jaILj g^nlll ^-*-a>i V vibration jIj^VI 
<G1 ^JLsJI _ **^v *j 1 n a * n " I I **^ ^ q i *j^ * notGS 4 *** —j aJl ciLojLIJI ^^ df j^ * 

^^uIj ^^1 liA ^J[ ^Uj^VI ojJj <£jL^I ^io^JI Jlitl (jjj *j^iJI ^i JU<JI 

1 "i"tli ^ \j fAjLaul a fiu IgjjLl m pLftJn II djjJl pIj^ujj J .A j 'v, Lluj^J-o (1x3-^ O' OJ^ 
(^jjjLliJIj iLuj^LftJI LAjmuj ^yjJl (5jjLVI 4 ft j h * II 4 I* mVl fc \n-\ a fl t j <<ui 

«ULuia AdA ^Li <tillj Ij^j^ fJ ^ ^a^jVL^-o ^ ixSlj cjj^MJI iLaJ£.j (pL^jVIj 

.dJj ^ O^*» ^jj-HJl AJaLaJI i^-=h. Uja-% «-fijJU 4>a^j «S^L» 4jUr 4 n^l ^ n 



Sjji <r> 6j!^d cjr^ ^^ <jl iVi\VI ^ujIj IUj mJ Loj^ Lo 4 rtjhnll SjisJL /<^t Ul 
Lijl jS\r. L-iA_jJj <Ctl ftj »n"i 'l ^j- 6 4 » t ul j 4-C j a ^ n L^J rt > ■ «a j 1 •_■ * ^'**** 4 J g j flLM 

* i. t. * * j *" 

^J£. (jj**\f (jlS .4JL1L 4jUua 6jj uxfljj 4^1 iAjI J-ljJ CjpJ, '^ PJ '"** Jj^* r.^"* '"* 

** "* ^ 

^yllU <<iJlk-a IjKi! o>aaij j5 aJ>^l *^ o' (^ *^-it ^ Li'j <IjjLS1jI ^jj^I o' 
pIjj^lJI c-jjiMI (^£. JfiUl cuuS .cjUjjJftlJI (jjj jl^iVI Lf i^ ^»j^j <^l 

^ "t n J 9 n ^1 4jJjjt Lo pl \\\ ujL - Pj^j-i (^t o-* M-xlSj <4j P il «A fl II O^La-jJlj 
^jJI j\ mi t m \ II jjljja ( ^_d «j J \ II jjil IU j I * "j - jj^ 41 II j J_aLiJlj 4_a_jjjJLaJI 

dU computation ijuuij^Jlj (IT) cLa^Li-JI <ilij <j-* SjUVL lllU. t^ijLj 
ph* o ^j <£jQlJI jkjilll j^-it pj^iJI U m" ^^Ul jL^VI ^^^* Lr^' 1 ^ 6^ 
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** m * 

«JL^JI j-ujI^JI (^j^aJI jj^^ JjI.m <j|j laA .ajSjJI ll$J J^jLujVI ^ijj <oVL*JI 
(ijftUnlLi gjij-oJI jjJaJI tj-ij J>l-ttj <Freeman Dyson ^ «Jj o^j* j-*j 
tool-driven J-iLui^Jlj CiIjjVU gjixaJI f 1 1 II j «concept-driven science 
tj^ujjlj ^Lkjj .j^U-JL ^jij-A <Ljj>ftj 'lt?^ l*-* <^j-^1 L* J$j .science 
' ** -^ ^Ul <Francis Bacon <jj^f i ..j mMji j_a Ijj^ mn Ij^a* jj j <C\ II li^j 
U! j Jucifera +yM < 1IV1 jliilj «fructifera jUUI oLj jliil ^1 ^liiVI 

Cj-jLS Ijl La ^J^-aJJ Jj > I I IjA ft H LiLui-Lll ^j .6^-i-a.VI jLiiVI ^^ic J^j] 

<> ^ <DNA LijJ <uij <i>»^ g^j molecular biology <fl*>?JI L^Jj^JI 

CjIjjVL a1 aj-aU-JL ic^ks* Cul^ Ijl La j <jl£fiVI £y* ^IjJI jl JjVI w£j-u=JI 

u* JjVI jlj^ II pjrt'tf I jij .L1a LajI^jI u.*>j <jl£ lj| L» ^5 (j^j «JjLujjJIj 

I t <5 >t Uaj Lj-a-fri {S 1 \j ux& Lol (j <J a.jJJ jAl t.fll im'i^I 4j-^J aOjlJ «^aaJLaJI 

l$J j)t m t aJ 4 a A \ i j ^j aIc ,_£ p^jloJI t-tl^ jliflLj jLaill > T tl^ jliil ^LoojI 

^ „. " " ^ 

.Jj-LO 



.ilaj-uo <llk^ ^^*J i*ld^VI t£>?^ '-U^. <<L-oi SpI^>5 ^ftlnJI (J^jJlII 4 I ■ nj V 

IjjUJLa <5^a Jjl <£-^>-^j L^ipl^5 ^l J^^ uJ^* ^>>^ <*Ua1£. S^ii {+& ^j 
^1\ jAl (-UJI jj^y V) ^1 jl ^Un.nV ^ 4i1Um ^Jl ol^iiJI u^o 

AjilVil ^jij^ln «LJLZLo Ijlj^.] <aj <jl (^jt t^JJ^ A-^ <j <J^^ II (^J -jA-^fiJI (j-a 

| " " # 

.6^LlcU 

jji ^111 .^.ill ^l JUiiVI ^ 1^ II ari ^ac , T .^j j^lll <jjL11I <joJjA\ 
facebook. com/ketabme 



jJfcl^JcJI ^jJlJ «LaijILe j;A£. -taji jj ^1 jJ^^J <jV <<ljLfl ?jolf 4-i.n Al Jj^aJil tjj^j 

.j^.1 ^jIJ_LjO ,—fl J rit" m" ^jl La ^jIJjjO ,_fl oI-ioj /y-^' J^-fljLl rt-a-Ltuj <j t* n Iri II 

i* 

L$-ii ^r, ^1 ikaJJL <^j m «iiAlaJI jj^il^JI s^ljS ^j - eureka! I p u^j 

jJ&I^UI ^ <^J^ ^Ijjlj 'jJ- ^ *^^J c*^ C*Lkta-aJI rLo^l CorteZ JJJJJ^ 

ij^ aJjlJI JLa^ f^iic] Lr l[ £L*.jj A^ij o^ >* *^l Lf^J ^ -^l^j^ <^j (^1 



<<jL^-jJI ^ <Ud-aj Ifl'i^l <(^^^lJL a 1 1 m <l^.j ^ JpliajVl liLij (j-lc jSJ 

.aSJ 1-AjijiJ ol fJ*JI Jn±*J c)^-aJ V (^J-ll *iflj*-aJlj Jj^' *^M^ 
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1 J^JI 




uJlajj Lfll ^jk Sj^ Oj 1 ^ w^" ^ l *> ^>j j tr'I o-e^ ?yf^ SLl^JI 

d J o 

jl< £$\ .j a* * ^Aiii (jjil) ^pi ^jj*^jjj r_^j naturalists *\^^ H ujauaH * 

<Lij-*Jl OfrLi fJJj J-*J .^5>LjsJI aO-Uj £7-*^* lT^I ^J^J-^J^J *j *j j "H ^-^jl-^l 

.sLaji g-^ujj ^^aji JjLu-^i i ^i sasji j tfpL^yj 4_^.l.ji j^lu-ji ^i^ u^ 

.^jjtjjl J i^flll ^Jh^JhA ^j^ini iLa £- L f-w' (jjSj J ^J* 1 *,* leJ LLojjj (jjiS 



Uij f^JI *UiV1 4ijiU yi L«UJ ^jlj f LoUl ylijjl U^UflJ (jlS jaJ 
^£^j LaLoj <1ULL c*jI£ >iii ii^i ^>w^ ^ £jjL*aJ1 h^j' frfc* a lt* J^ll j-* 
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430-490 ^1^.) Empedocles ^mKjjojJ a Li <JIUI Jm.» ^^Lii J^ nuL 

^i 4 niftl (_i.Ii *lLajaJi 4iljLa*-o ^a j j .M Cjij Jji tiA^JVI ^^1 ££*DI (-A-j 
^j-o <jj)\ ftjl CjIjIjj^ II ^1 (j^^jlL» <jl£ <<t"j A^Jj oLajV ijjl^jjJl Lij| (Jj^ ^-*^fi 
<<LusjaJIj <J_JlII J^ji <4 ftl'i'N rt u lII itiLi O^Sj JJa plj^.^1 ^o 4 I c\ im 4-fc j n ■%, o 
ifl^JLJI plcjrt'Vfill 6J4J Lij*S m o aJUJI <jj£ bal .^LuaJVIj «(jh^lJI jj f jiuAJIj 
^j| (j ^ftj V «Cl (jJl *\>*j Iti^-fl <dUuuJI JjjJ LfJ jjft^j <5^jUs jjjLaa. ^j-c Vjj 

fciLL* jJLl aJ *oIjAjlj j! foL^Ljj| j? <oVK »>[ j-*-j 1 $ *< ^ I «t$>a.l otc j <> -> n 

d j j 1 <i jJ ^jJ £ Js ^.j (Compte de Buffon Oj-ij-j jj o-j>-£ J4h? 6-° ^Aj 
ot .t. 'i 4_L* oLlSLS u 1 o^jJiJl ^jJI «George-Louis Leclerc (1788-1707) 
species f I^jVI jj-c a lj <<jj <^c. oL1j>^. <j)1\ I o^n m j pU^^" <j-o L^-a^. 

J-aaJI [j IjJ* .CtLaJj^JI 6JJb ^j-* Sio II iLLSJI oLfc j r> a. n II JJjC j_A <LLola-oJI 

Histoire naturelle, <j^UJIj jJjJI u «jjUII j^jLiJI ^Ip-*-* o>A>^ f^AJI 
(ji J^S*^ ^ u ^ (1749 aLc. j^^hlL Ijj ^jJI) generale et particuliere 

4 ^ uU {j«~> i^>^ <l (j I flSl ^yJ-ll O-^-^J *CLuJI ol»iXa a II ^Jlj tj-«J .IjuLa^o ^jj ii>o?t 
' Q ^ I jj H J .jl " * ^ H ^<jLflj Jjlj C*J^luj\ «UjLftjj f^jjl t f\ 1 1 << m ft-^j < jj J U 1 1 I (j \ r\ 

jj5 A-aj 'lAl^. plioii! 1 a j a.^ _Jb j-jJI tCjUj)!-^ n II aJlA JS Cul tjjl {y* tjSJ 

f- jJi ^j-ijjLd 5 j m f. t , ^1 r n" Si £j\ nj LajjJ <P J-J (^J> J ' fl ^^ J^h "« tfl (j *> n JjLA 
pLLAIj 'NJ'j C^w>^ ?l*-^H *^ O^ <^^' < t jjj-JUaj)U mjl ^[j IjJb .^>-lSl jl j u ^ 
ui^j Lf^l j! < Aj) ^ 't II (J-a <Oj-A OLjI j t a ,11 ^1 ^j-oja-fil <6jLxjl ( «Jb LaS <4_^jli 
<->Ji~% n <jtj|jU mijI 6^>Sj (JJjl-«^)l O^J"^ ^J^-* <c^ <^5j 'cHJP" 'l AJ-«v^ I t M Q I" 

j^jo ^3^" "'j t^JI - nnaniot o^-fjL» si o .n Jl iifil^LLuyi <J1_lIJI a 1 LajLLo 
,jj^j J^ (^^11 Milomaki ^Loj I j n II jL>j ^ c.~i\\ _ JJLo ^Lij Ubjji^ 

facebook. com/ketabme 



.4 tuo ^ya LJj t ril 9 11^ 4 »"»» ^oa* jLoj (j-^ Ci^ij pr nflll 

' *J> A L$-J-fl J-^iJJ <L»jJbLIa d la * m-t ULusjl O a J 'S ^jj2k.i (jL»J *La-*j 

^j-o (jl I j4 ^ j 4 mi Ti^ll pL»I ^j^* * LT^ ^' ^?~* l *J^"£ O -0 'La^^j l* <^a j La^)-ajS 

^i£.1 (1805-1743) William Paley ^L ^Uj jjhj <Archdeacon of Carlisle 
1 802 ^Lt 6^j tf^JI v 1 ^ 1 cr* ^LajUJI lM j!^ <M <^ i*L& V LL« <Gl 
Natural Theology, or evidence for the existence and attributes Jj '» » s 
jjj (jU\j <of the deity collected from the appearances of nature 

uVt.i jLiitj (icLtu JA.J jil ■ n r> t 4 .1 ui II ch uLtu? j^^lr. <LajLUI 6jJ$ mil 4*X ^ 



.L$-CdJ (jli\ jJfc <CjLcI m I I J-jL^a -\>^J (^ *&juU V 4-j1 ^1 J^Ia^jj tdlj a II 

lj-> 4JJ ^jl e-iJ^ (JJ-* U^ '^" mi (2>l *■' ?■ J <<t t nlnll OM i5**» j-i<±*^ (^ (J^ luS_A^ 

o 

Anaximander of Miletus J ^l^ <> jjjl^n^U ^U .l^iUj I o nj^.^" ^ 

La In m £-d ^^1 4J m U II ^1 oU fl m[ ^ ^jJI «(.^j 545"610 (j-H^) 

* s mlaJI <ja-oU^>j ^j-° f j-?^ - Mj- 1 *^ **^L°^ 4ijj-LLj ^^ipil Lodlr. 4JLijLaJI ^ 
^L^iVI jj^.j JjU'J Anaximene ^j«j m<Lflj Thales ^u-JLU 4 ,,, J\ ^111 

.^Ll ^1 L^lo J£ J^^ju <j\ u^f ^Ljl^taJI ^1 _ 4 lo^ t\\ Jjj*.j}\j 

J^tlJI V <( ^jLiaJI *-fr*i\ bUj S^k^. Jjl (j\s iAjjulvyi Uli. i^j LoSj 
1j^^3 <iJL=JI 6Ia ^ 'cr 1 *^ lt^' <data (oLLJI) oLLaaII ^j ^ ^L^JI 
jt <biosphere (^jj^JI .k^-JI ^^j^ ^1 '<f^J' oL^lUI LLcA ^^ . Lil^jj 

.6jljVl j-uaj S^jUIajIj j i t r\ II 4j wntiu ^JJ Jir" ' a *** '^Tj f * r >'^*i <(J^VI (cJ-C" 

SJjLc jl^il ^LaI^I ^ JUJI j-a U£ ^Lfl^LJI ci^ 6^Li pI n M.VI ^i^j 

6jL^j Cl mi luG LojLAJt <j mi r ^h°LJI (JL>^' ' ^ '^"*^ rt (J j) 1 ^ ^ .AfllviVSjt ^j^a^L^^J 
4j-« Ij j *N ^j^jJlj *-qZjjli uJ-^J^Lj ^AJI tiiUjl {mS ^^ p •> i^M (4aJjjJI 4-a.^LaJI 
J_la <<< Inj hm pl n mj| (jl £jj£j±j>j (LIaJLc ^^ m" ^--jJI (^jIjJLllj < \^ II CjI 't *|| *S II 
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f (pil ^1 Lapland j^^LV ^ll^LS < a mm<j LJ!u LoL^ <LuiL ^£ « T >Kj «S^ij 

^^j-JI <(1 778-1 707) Cari von Linne JLl ^ JjLS <j±>j^A\ oLUI fJU 
^^ujjllJ jj-4*j jjjj .Linnaeus ^jjIiJ j_a L"j"^ *#£Ju ^Url ^ill «Lo^luL LiljJ 
^[ ^ J 735 ^Lx jj h. j o II <Systema naturae <Al£ ^_i ol j n m" ^LbJ 
Species planetarum <uL£ 3^^$=^ ^^ oULlLl <j^_lJI pljn ,,«"11 

<(1~1 J*S mil) <jj t A t II £-a>fJI J-inl nilJI ^jjlliJ aJJ5 JJSj .1753 jiU jjLuaJI 

J tC\ ut\ I a-ujjjJI ^ laJj ^L£i (v>$-Jl L»l <Sjjill tjja Ljjj-5 <SLLi_aJI d^p '- L >^ 
ixSjJlj <class < a /n II j <phylum < ^ mil ^^ I ; U ia I J< jjIj^ LLcS\ ^^lc 
^^^ cj-5jJI dLlj a 't ^ j .^j-UIj «genus ..\^ II j «family < 1 j ua $ II j «order 
*'^"\ d 1 4 .Iflll J^> {L^oL^jal ^ja «Lcj^La oli > U 4l»ljla.u UU-% nll Ijjb J 1 1^1 j" 
j iti t II (j^-U <Ij< a j .superfamily a I j . p i II jjJj <subfamily (j lj ,ri « II 

HomO J-SLaJI ^Llu-jVI f jj <3-° LjjLj (<j*=> * * H L£^ '-^ <l J ^fl "A <JJ $*» <o n 

j lj t f>\]\ j^i jjj «Hominidae <Lb u^ill ^ <Homo jnW II j-a sapiens 
t> ( Catarrhini ^jl^ infraorder <j^JI c»^" <> superfamily Hominoidea 
(Primates ol u^^l order i^j ^ Anthropoidea 51 n m. o II suborder <u^JI 
u n ..i * II class .,« .%. II ^ «Eutheria ^ n m ^ II subclas . J ■%> II c* ^ i (>o 
jiAr. jjb ^jJI /Tetrapoda ^ .m^II superclass ^LuJI j^i ^ (Mammalia 
in .till <j_a ^Vertebrata si 1 ... n II subphylum (j /^ mil) 4m mil o ■% " o-* 
domain J-L^JI ^ <Animalia 51 n m. n II kingdom l < I n n II ^ <Chordata 

.ipJI oLijKJI <jjjLI^u»[ ^ <Eukarya ^nmnll 

tinjui ^^lc j,, mj-c <Gl j_a Linnaean a La->I \j I II jJJllII ^ *«ajx. <-ai 
«jj^l "i II ^j-a «Lop^Lo ^i^ liAj <l fl La < olJiLJI i-fljJLj ^jAjc. ij^ij CiLfjLAlJI 
l-.ii* i^j (Laj^j ^y* i-oJIj << qj^ Mali <ii5jJI oUj^)*!]! ^1 cdJj ,^1 lJlloI .«LaUJI 



i^Li^ < ~l< klados >.j^) cladistics illj!yiJI jj& . L^ i^."JI ^Jx. ^ 
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jjUJI 



_c 



Archaea 



Bacteria 



Protista 



Fungi 



t 



Plantea 



s: 



Molluska 



s: 



\ 



Reptilia 



s. 



Carnivora 



Hylobatidae 



T 



Pongidae 



s: 



Ergaster 



Habilis 



<iaJI cAS5l£JI 



31 



Eukarya 



Animalia 



chrodata 



Vertebrata 



Mammalia 

=1 — 



Primates 



Homonidae 



Homo 



Sapiens 






:(<^uiJI) <+±Jl\\ 



•<£j 






H 1 1 i o <<£1m ( Jia.) rankS »_ajI>* <JJL<" <>» LluLluI Li^ja (j'ijl'ijlll > Sjw^"i1I (jl^ .1 -1 JiAlI 
lilJj JJ-aj .(-jLa q jJl <y- ' "*• ll aU&J jLili A l ■*■" "* a >j-U_> 4 nblift (f h>^ 'U"*'^ <4 I i n"> fl <4-*J.J <«_iLwtf» 
(j-u3j -t^-la }LlU (5jJaJI J^LuJI gijij <<1*L!u1jJI «„ijIj^Ji q* 'J^^ * i\\ir\ m \\\ Sj> mi Cu ui'KI (CiSjJl 

\ * * * * 



JJL2k-ij dlj*i mi a c-fl 1 mi ^j-a «t j "v Jl £j\ 't j! S l' jJ-aJj ^^>.r%, 3~j J^J '( '" nr J"? 

jkdi dij .(2-1 J£-£JI) SL^JI ^ r £J <clades cIj^KII jl <3-LLlL-JI £jjiJI 
(1976-1913) Willi Hennig dul^ ^j ^iUJVI > L^l^UI fJU cilIdKJI 
fLc jjL-aJl Phylogenetic systematics oI>1*j <jL£ ^ J w^VilL» l^j-ij 
j \ \ ni \ II c*L5^L«JI jn'stj (jt i.i ^ j >■& j a <^> j II ^t di j \ \ a csj-^j .1966 
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.LjJfc^ SjJjJ S jj ft ft J-a-ui J£ jj^J Jic Sj-> i n II ^>ftJJ (CladiStiC (£J^£ tjul^uaj ^ .2-1 JSAI! 

.<^jl-»iu» 4 a*; ,r, o o^iLu ^ ^l *synapomorphies Lf l£L t^^j-* ',«/< .^"Jl <jl J^ii ^L^^Ua-ualj 

■j 

.d^Liw» ..flL.t (j-* <ijjj-* <u-ui ^a homology JjUUIj 



<jJ_J! ^pic j-aj ^i £Sdj i fjt-A n^" y>j < j ^ II oLijLUI Jj «genealogical 

(jpjjl <^j A j 11 (j-o ^jaJLkJI ^jt^J"* 1 " UfcitffljJ J ^ ' ' ^-^kj^ ■Uji inft i flJ m (j-° LA^-W" 

<jLi «flavour «i^SlJUj spin «^jalll» Ji* oLaK ^ (plUU-^ J ^ J£ a>*A? 

*£ - " . * • " " - - 

A-dO J o' * j j CjL*j3lSjl ^jJ a_* .<_aJLJj_j ■ ***' a lia -^ * t t\\ tr\~\ II a i f J a -n, <*lj**J ^ 

lp n mlVij ^pJI Sjla-JI cA » -■ H ^j) symplesiomorphies Ji* cjU n 

fjjhj <(<!L£tJI <£j",tiJI jjfclii-JI) synapomorphiesj <(j^Ij jjUn <> j!£l 
^j Jn*"t m ^ ... Ll^t dLlj <<Lil!1 iiill 6J.A ^1 ^l^-l ^ <<>b-ll g ,n "* b ■'>?■ 
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<jji^ Jj^ 5-aS 'ispecies fjULj LL^ cr^ '^-^ :> aj\ nVtll id^.VI pikill ^^La. 

<Lt,l Af, ixaJb! JblaJI Ijfl Ij .«Jlajua-eJI lift i-L»jAj J^^- JjJ^f <6J-A IaaLaI ,^-fl /e^ 1 
(^l^iVI J-*-al ^ 4j^jjtjJI £j\ mfll'iflll Ijj^j-a fjfl 4 oH lift (jl^ Lll <j£J <<LlL3 
<> Oj£i jiJ (iiilaJI ^j . J5VI (ji^. jL^lkL <J| jS^ 11 ' lt'I ^^ 6^ 

s* J' 

.I|..ii 6jm^'< *a^Lo j-i£- ^>^ (J^ «LajLt-o Jjd^. <j-aji r^^-J (LAaLc. 

p-I^jA. IjLi^I tjjrt mj ^j-a Jli ^ a <>" f I ^jJI j^j c tS^ cSj^°^ i-Aj^juJI 
ii^JI cjLiilUt <> Sj^j «g! jjb «typotogical taxonomists ^jjj^jJI * L^ .^"Jl 

^j£. 4 a 1" -^ ^ _ I Ata^v" tj^-o-t 4j^jJjJjj^o 6 j-> a n C*l n m <»m a"» <^| _ jJ^J L*"^' 
LljjJLJ *j< a II .ifl^ platO ^jjJaiUl ^jJ jl^J -^-^1 CjImKH <j-o C£j^ *j-*j 
jJh^^. f^^ir-l Jil jAj <«J-ol£JI J*\ mi II a jt <eid0S (ju^jJ)t <jaj$-La Jjjt Lo^it 
jAi j * ^ *» J .4 ijj ft~k II CjI JjL^ ILj t LaJfti J-*L£ J^- j-^ ur^ 'J* ft ***J 'u * * ^ ^ 

^-LJj^-CLftJl I Afl,.U A m)) <Ua_Lulj_i JJ(J*\ i uji ^j^ L^Js^^"'' JJ)^ '^* » j UftJ /c-fl <JJ)1 i^H 
(j-d (j i^n^ n ^j-LCJJ LoJh j \~\ t *i Jj-aJij « LoJh J ^ J ^ " (j\ a i ^jJuJJI Jj t" t ^ jjjjfljtj^ajl 
^jtj^J 4 t ,,)! uOfl <(<Gj-iJsJn) 4 r> mi J * v ^ " _J <4j).n,-i^ 4_>L^J z Qj! ^lkj>^ .j^aalaJI 
I VtN AJ <GJ A_i fCtfllll «jjil l\)> ^C 4_LlL^-o 4 es mil 6JLA ^jl ijjij fC^J fjj-iJjl^ A II 

biological species ^^jij^l ^^lll ^ Lo j-a l,tj5»" ^>i^l ^ij>*j i*j 
I4HJ f ULLb jJl^i itaJI oUjI^JI (>o Sj-oj *gL ^jiJI «ui ui^-*j concept 

jjfc c- jaJI ^Lj *6J-A j k 't II 4 (j ^^&J Li-ij^9 .^jA.VI j^^-ll (j^ I J I '"I **"» 5-Jjj- 31 -* 
> ^ t^"i\ a ,—fi ^jai^jj)Sj n 4 1 iti 1 IJlA^ t^jj^Ja j. I mi! \"% Jal mi\ CjIJ 4 I j * J A 6j-jj_^. 

^jLaIL^o (jLt^j jjj^ 111 II j (ijijjJ' jji-t^jul (jl c_fljjjtii.il liA ^-AILfljj »< „l\ m^iII 
facebook. com/ketabme 



<j\ <b I n J M II <Jj-*JJ (j^-aj -pl'^lp M 1/ I n D VS I <<J>-oj ^j-fl J^ qM "ilVij \ a () 'i V 

l() iAfl J-ojJI J^J Jj5j .4*1 mJl ^6 iflJla^o oLSjl ^_fl J mlWi L^-jI jl _ ijjjiajJI 
6La*J LaIjL*J jjJL^i 6jJ O * 1 .1 I ftfl O <,, mW II JLi^bjVLj (J^>* 11 I o <A>* 1 ..1 'S "l i 



^LJI J^aiJI ^ Jj<^»6"JL 4^jj^o <5ljjJI iJI o^* o' frf>" ^ '^b 
J^aJi £ma <pl m-% II Jjj j^uaLk pOOl lan^o cA-of £^H l£ ul d>*" I Vt^ftji 
Cal *11 ^ II ^£tU 4 j I n » II 6JJt ^g-o-m" _ Lftjl «Aifl r-jtj^Ifi £ A ? a II ^ ol 'i j ^ II 

.^^kl Ul^il J!u3 ^1 ol 'i j ? II J/fl^ a ^l >^Lp V 1 e 1^ I - gene flow 

<Lo J.rk ,_1J d a J L" A jJaa Lftj <<r»l 'i r * 1 n^ <jl Lo p jj ^j-* ol *\J 'y II j-^^ ^JdJ 
pljj-L (J^J5 ^j-a 6 J n*in n II j 1 il * a II *-a > 's m\ n ^a»,jJj_ijJI p jjJI Ajfl fl o ^jLfl IjJ 

.^uajjJI < .jj*i 1 n" || 

0^ < .t, n II ^j^J <j\ Sjo^U li*. t>_^U g^pJI cLij-^ ojIj IjLJ fJ 

.r-jljjj V ii-aJI ol VtKII jaXj <j' (^Jb rjljj-ll LT^ 11 U"^^ ^-L^^aIj 4 j 1 11 "1 a II 

<Lojj <l_cljji I ^ fl < ^ j-> t g*! i/^"i tc-f^ t^-l^ £-°J <Ljjj"^;II g^ j a-% ^jljjl V <^ULo-fl 
jJI^ multicellular L!iUJI 5 jj o o <j^ oUjL^ ^^Lc iliLoVI o-« jj ^ jls 
<dlJj j-o <jj1«3j <(Taraxacum ocinale ££JI pLoI^JI Jlo) asexually ij.n^y 

<LjLiA.l JjjjjLaj-o ^ \ \ \ * n «£\>J» j nKI fj\ 4 K rtt <i II 6.i-A j (j h" j .LiLuail L^>J 

<\\ ml \"t]l D^jlJL ^ 1 1 "i i <Li_j| <lJ| Ljj-il o^^" J-*J t(jjj % ^* a II ^jjb j-a.1 

LUlll ^J-a.1 VI (.^iJ «£JJ» rJL-ua-JI Jjl jJh (^Lll' LT^^'j '&*• CA^ 
> ftj'i iiVil <jj-A^aJI 6.1^^11 jJfcj <^iaj-uajJI A>fJI 6Jl£.U Jjla j^ic ?jM fl 't II 
£-o ^j'^" rj-^ Sjjli OjI^ Ijl LaX. ^jialll ^Ufti <J-aJI pl nl^H J^ i^-0 

(j-Aj taxon i£j \ *A jj^ n jj* ^>»JI ol (5' -^ ^ c^j-^^ V^ ^*LIjI-^ 
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jLi IdiAj .rjIjnJI ^ jia-iJI ^yi jLj^JI f-0-1 jAAf f-J (j^jLOaJI La*I «Ari 

:Ls Lu> La-oi^e <Jj «H. sapiens J3l*JI ^Lu^VI ^1 j^ki v J Homo erectus 
.chronospecies oJjiaJI ^j*l\ t^L^t u"* 1 "! ^ lt^- J^° ^J 

«phenetically IjjjjjJ f^ <f^JI oL£l£ll «-i/i r^ ^ JjI^LJI t$a=J oM <J^' 
<«<T Vi-vl «d» Jjli* 1 uUa-ll (J ^* ; u^ «discrete «nUYiJI oL^LUI \§\<\ r a ^>j 

^ j mu ^yjJI «d£jj-Ju t-ij-cl» v-jLsJI <jl .«<N LaJ <J ^n-J» JjLLa JJjlJIj 

< j " j ** j $ ^j-a dating oUlJLLl xj_c!j_* vf-*-H £^L^jj *o^L^oJIj « i ^ t ^ II 

S* 

j-oIjlj Vj tLoLcG ii£.j-i-=>j-o Lfjl ^ 4j"jm4JI iL^LII S^f- o-a£»j .phenetic 
Lo jjti-vj <JjL^-6 jl <<_ f - a J' chLSJI jflhft^ J> l* "" *^-*'^ aL^.1 jl^-*-^l ^^-k- 

J*J C$ U-° fA>" LT^ ^ (J"* iak^-<JI Ij-A (£>k*J ^^jJI O^K .nnll ££»AaJ 
j^ dJa a_a oJ^ *^ *^J^ ^ >l taj ft J^p L'"»*"*^ Sj^a^oJI <Lpi II ol nKH 
(j^iij ^1 ^ alu I4J? jj-o (*^-jJI cr^ <l-i^Aj *U^ ^^ J mlYill (jJc SjjLfl 
<jLj ^j^>J 1^ lf JLiaSj . S jJ n" o «Li^jJjhAJ <U& C»ajlS /e-4-fi <^" i'nill f^-l> 

D-pseudoobscura Ua (uj*^^" n j^-) 6^'*'^ U-l lt^' Drosophila <^<Xli\ 
1aJ <LLafc ij"jnS L d \n jWsJI o^j V O^pJ jUSKJI ^IIa .D. persimilis j 
(jjlcjj ^jLLlJjj La^_iLi < (jll^.LfrjLj V Ul^ LJ j^J JiiaJj \\~\j *ij j Lc^j ^LijSLi La^-iLi 

J' ^^l l ^l V 1 ""-' J 'U**^lj *J^- LT* 6 Jt^^l ^^J «(^j-iuJI J^>UjJI (>o ^jL?" Lp-*f ^JJ (**) 
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< jjIj-JIj <Wll <uj£i ^ UI j^aJI < j n aL cJjIaj ecological species concept 

Ajfl ftn aI^jj .CjI Vtlsll 6JlA Jj^jJ «Ljjj-irfaJI j-cljjul Ifljfl jijlu 6«\j-yj ^%J Jil m* 

£jo ^-i>*^ (j-l^ ^ LlH^ *j^ recognition species concept ^jiJl <-**j*2 
j* *■ 

t-JjAjJI (jLfl «oVLaJI f h* n ^i (j>lfl"H ^^Jc Sjjill r lH> ml i T t^j 6^" lt^ ^ 
yr -^ M V 1 n lm \\e J *■ ^ ^ ?\JH t ' " " * $jl 6ii^>J JuiSj .Aj mi! i n OJcl^.jLo ' 1 11 r. JjS a t 
V J Ij-A •tJjl'"^ A pl^j-*i»£ Jjj^ll mil Ifl^ljjl c-ijAJ ^ ^^ C<1 nKH (j-0 bjJ>J 
La_ki J-jloIjUj CjLjI j j ^ .11 j olUL^lJLs :j|M ll Jjjajia ^^^ Ul9~ (j' ^J 1 " " £l "^" J 
*LlLjlj^fc. 1 flj r3 2 J^jIjJhu j-la jl fCij) ir^ill 1 (j \ f\ ^f^^ <j-0 (^jl^loJl £yb j J iS t 1 Q *1J t 
CiL^J-ojij-a-fi 1 (3 i-a LU-> /jplJI 4—iJtl i a iS H jIj_aJI ^•-i *% ^ 1j jlj n-J 4Jsl-lu1j-j cjJjj 

A-&jjUf, ^ «LoLo^ <^ J .t. n ujIj mV <LL-=J j-*^JI U-L^-iJ lt^'j <pheromones 
.phylogenetic species concept f^^iU ^u^ll ^j^L» u- 3 ^ ?M** ^ <(<sj^ 

* ol"^ O I (j J$ 1 <d/t m O t_^l m L^J <JL*A\ Cjl^tKU ^-0 f-^j <GLj f*>iJI '-JLh*^ ^^ 
(}jX^J fil lArl JjLfl <^J^JuUI li^J l i fc La j -J-5VI ^j-Lc- Sj^.lj <S^ ft o < n <u ^^i 
^j^ij^-»^ <AJ_^lj Sj-i-a-o <jfinu ^j-jju Jjj)4n-%j V Jl£ ^ n ^ II Lo^xjjQj JjjJuLLa^o 



L.^ 



* 
iLJl jj U" II ^^lc JjJjJI . jj U"" cJIjL«j cjjjIsj f-ljjVI <jl (^i <iLi j^o L» 

(j-i-ja 4o4U u ml 4-Li.f.J, h t jijp JlJI <T0SSllS (ollll *\* m n II j CjL> j j 4 =fc V 1 J^ m j-4 
(^1 aJ-Sj V 1 ftlu 1. ol ft ~\ tJ_oii j-»-c- J ^ mi II .^j^jJI jj-c (j^j^fl (^>JoJa ^o J^ 

(j^jVLj *Lol a" Al (j-a ji£l OLuiLa-» LoLojJbl SjLc u-LaJLaJl (JjJ - ^^- ' 4 ^ "i rt 
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tj-ojJL ^j^jJI (>» l*ri<oj «OU fSLaJI jli5 ^^.L jL £^ &] ^^k Vila - ^UJI 

u <A.I n II ^ [lij^a] I d *> n 10 <j_a <<±2>J\ pUjiVI iJ&LujI ^1 Jj-*-ajil *ljjJl ^ 
j^-ic SLjl^JI j-jjIj jIjJLol ^^it I o 1jU"»j J j fll -%VI £$ -> n» fJ-C <jt 

^±iU.VI jjU.ua ^j .palaeontology LajdDI ^LJVI ^ cr*-^ cA^ 1 
JiA Sjj^-o ^a jji^VI o' (£>> cr^' ipjWliVI ^>iilJI <4^^f u^-°Je *L°^I 
oSfl ^-fl>a^ Lisi juj .plastica Ky» ...^IJI <j-o d^»-* £ji J*i 4?/" L^j ^^ 

jij ^ t<~x II L<i1 .j j -s II Ji-o <l q UI i i A Mj c j J ^ JL - a -'' c*>^ J^-^« CiJjij ^5-J-ll 
(j-Lc ^ j" 2> " Mi «Sjj^.ll ,jLox.VI <j-* r U mil cf J[ ojlIjjI ^^iJI <<UjI£^jJI 
metamorphic <Jj^"^ll jj\ ,^ll ^ ^iU.VI (j-^jlj ^j^j -^M ^e-*^' 

.<-JLc lajJLuoj CjIjI^a. J-*-L» I (j m^»" (£J-^ *4^ J^ J' 4-AJJ^t"j JJ)^ ir * (C-^J 
Jt'n o^ pLojI (jV *4 UjJ n Q"\ s <<~\\ fi—i m\ 11 J-la <<-ij) irif jljp» j >Qi ^Vl jni t 

<LK ^j-*AaJI i^JlLJI Jlj jJ5j <u=> -^ CiL^u^j Lajlajj «uLkljJI olj^ ill ^J 

«jIajVI *4P^ <-ijJJL-o SjJ-uo ( _A (j^J^' U -0 W-^-J^" 1 '"^ LT^' Jf*^^^' ol f*^ 

^1 Jj^m LfLa (jj^* ^1 ajj mIKJI oLjjjjiJ aragonite iii^jcljVI <aj^JI 

<jj-iAaJI jlj-JI U>4^"i Vj liA .Calcite Cn inllMK^yii^Mn uii^lj (^j-uiS J< mi 
p.|J^.y|j f t jjJjj^_Ljl ^j_a ^ ' *** P J-^J (J^J^H' '■« n i^ ^ (J^-J f*LAjj-laJI 6J (j ■* 
LJLc ^j-s ,ti|| I ^ IUn ^1 cAIaSj^JI (j-« iilJ ^Ijil (j^ 41]jaJI) ^jrt^lll 
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^j-Aj <4 iiiHjJI ^j-* 6 J. J J 'v Jj UI j n J-I^j (_f-"' S jj {j < /-t a 11 j UI j n II £^0 hj-^ 



iikiJl ^ jiaH LlujUI JjioJ magma SjLfJcJI <>a iaij^a Sj^ ifc£ Jij 

yr h m Jjj^. Jj-a^J <Cj1jL5 1 (j/ft in'i 5 j niflll £>-a j^Ui J-SLll! lj-4 ^f-^" (<-^ j^ a Ajij 

ilj^ o c^l£ 6iA plate tectonics <liy*<"i II ^I^JVI oLUr <jl A\ .AjVI S^^JI 
Alfred Wegener S^?j A>*fi ^LoJVl ^^Ijj^ll <^>I3I <jj*^ aJL»J }L-=>1 
The origin of CiLL^JIj CiljUJI J-^1 «j'j^ <^ l^ <^k? <(1 930-1 880) 
^l ij^Jl '— " 1960 aU oIa jJ «GH (Continents and oceans (1915) 

jO k o j-»-C jJ *<Jj-aJLo J-LC.J Ij-Li-a L»jja*-J LcLS <jVI w ** ^ <j^>J-fll La (jl Cm i i 

** ^ * ^ 

<jjLLll S j mi *3 H ^ I j K n LJj-iil Luaj] Ijjfc i t m m, iSj .(3-1 J*S i n H) <jAj^' 

r-jfl mi (-i «LaJaljJI J^LjJIj <» j J /r» II J^ m i 't ^JJ JLjjaJI <jS^-* U"* A J^-*' Cj^LoI 

.^Uj^IIj <JL?JI 

P^-vl flrill ^ O^ <*^-*-»jVl 5 j itiflll ^ J n -v "II j (j\ y j fl II Ij-A Ixjujj ^j 

llA <jl£-o ^ <fr^* Lo^lfi. ««U^jJjJjaJI oliokU L^lla-VI C)VLa>. o-a*J £*.A^J <j! 

5jji-=^1 Jj^j <>kl (Jf^. <j-a SjjjL^I ^J j-AjJ Jj^. <"^a Sj^a-LaJ <cJLi-A >=Jj 

o > •• ' « 

6J-A ' a ' "'"^1 SjLc 1 *\ \*\ <\ ij . 1 ^ \ a CijJ-aJi j i fll ~h L> g' j J f\~\ I La (jlS-o ^^a A ajJJ 

J-5 Lf-il <JJJJ CjLLJaJI J*s iii ia_jLLa ^U mlj-j 5j_ALbJl i-ijLjJI jjlL ilia.VI 

jLjVI J-a SjjaJLaJI <Ujj'* < s"t II ilj^VI 5^5 u^J 1 ^ ^* l1> ^ <<5-iLaJI ^j ■Ci'v *mI 

oljLLL-aJI Cta S l *"j <<aj 1 1 -v < t-L^ _i plJaj^ a H dj r\y"x LaJj£.j ^(liUll 4JujlxJI 

^LaJI (j_a ^— aLjj m "j *^^-* ^L^j- Ci ^1" y\ a-j <«. q I -s Hj aLaVI ^jIi glaciers 

fj\ (jSi-Aj-aJI ( ^joJ <,\jl-v II • "^^j" Ladlt ol k-L^ aJI (>i-o <J-a L^jLclAjjl <t-ijljJI 
Juua ^j^jVl - «U-aJuul t_ijjaJl jljl jJlLujI JlJj »3*^ *' J '^ J'v "« ^1 i-i^-j-t 

t^^j *SUJI LAJL» ^ - <jl=JI oUSliJI j^ LpJI oUiliJIj *<oaJI ciLSUJI 
facebook. com/ketabme 




^AUjJjVl J-«**JI 



Ul-J) £JjJj£]l j.rnll 



ktUI 



(jfjJ-LuU 



,LkJI 




ktlaJI (1gjjjt&. II (Jas jhwojII 




^jiLi^l ^yaaJI 




JJJuJ 



^-w<lj^aJI J-4rtJtll 



U^ki Ijl uK <ill^o <j^j, .K" «ol^UJJ cJ^JLJI ^j>lJlj 'c^jVI ^l Us>ki <jl .3-1 JiAJI 

CtljLSJIj «LjLjLo pJa II (JJ^J 'O.** 1 mil 4^^^-° '•^-■^- V Lf"*"*-* U"^ LT*J "Jf^*-^ ^J-aJI (jlt t-ff-l[ 

•Sj-^S» oULula ^jJa <jub!j J^ 3 ^- 6 ^ j a" in"i ^lJ1 <Ja.IjJI ^ SjLJI JL^jI a-a Sj£JI ^^ir. ULU 

«Loj-uaIaJI 4-Lui (jjjljll J^Lk <\j..laJI (j^j^U jj^jjJjJI jj>*J1 Uln-% ft II IjJb 4 1 ml m ^ ^jJj 
.(9-1 Ji^iJI jiajl < tiU-% <J1 ,ji Sjjl^JI jj in« II 6J-A (>o J^ (^t oLajia-aJI (>o J£>tJI <-SjJLaJj) 

.iJLJI HiloLj l^l^li Jl ol^JI ^i J^U ^ W 3^ ^1 jLLUI LkJI JfcLiVI o^j 



t-J-*** <_j4 ^^ <-£ L)- &->^ J"*J A L>* «^ £*J <*iLfc£>-"f>II (>° <^la 6 j m.<" j 
<j-o j J gl ^SU J^k 10 /c^-l *«9 n *\ Jj .<j^jVI nr> m JSlHJ) J irJ" n n Ladic (jh a mil 
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(^iJI CjU j U n II j «^ftfcf J^jA I4J j^^uJ (^lll i^aJI CjLajI^JI ^Jh J^ ^aJ j^k. 
JiljJU -SjJo^ jliA^lj jjfll^Vt (j-aAJ didikjj .j^iUl Jj-o ^jVL L^IjLual J d mij 
1-AdULi A iK II S J i*%j f ol u ml) ■_■ ILaJaJ <Jkjjk&A Lfl-i-» Jj-o A'^l /c^ <-Jjj ml 1 U II 

^LJ t> (jS^4j *( 4_1 J^'frH) coccolithophores <^>=^JI olj^^l o!l*U 

LLjjja* Jljtj iu.a j-% 1 II ifrLo ^JS L&J^2h.j^ tUj'l n 1 ^klji-^LS 4j^JuLi 1 .4 i—i IlaJaJI 6jJb 

^aj <jj} ^>lij 1998j 1997 ^Lc ^ s j ^ j^^ii <4 5j3^ II ^j .«GjJLLiV ^t 
i T t II *v U (j^j^j^ <jiLLol t ? u fagj ^.i^^jij ^JJ 3-*l-£ JL>j' o -0 Bea ring Sea j-j^jj 

l^Jjjjia J /c-*J <5^jn j 11 II Jj£J <4*inl <^ll lfl"itj^h JM^- <-Jj ^ "* II Cilj^^aJI O^LoL^ 




^1 5 J 



4-1 t.M- 



-^J- 



? ^ 11 ^ijj <: Q 11 o^u 

-LHJ ^JJ) j-aj <coccolithophere 
- - ^ J_^j tEmiiiana huxleyi 

, 2 \ .* a \ „ coccofith 






.<Lji JM j! &1JLI jjj-v^H ' 



4*g-fl ,-fl lj-fi^ *A£.LtuJ (jLftSJI ^C Id^. Ij-ULJ <JJ^ f^^ <Jlfll ^Vl J'V iri (jl 

Cjj-oJIj <l j M iof) f j 4*\*i 5j 1 ^ 1 ti A I n ^ n i 4 ^ rti j IjJbj <(_^j-aJ f'lj-^l (^jiTtj 
jtJjlj ^^JJJ J ^ mi l jl J-iJJJ -(^JLaJI ijf^' LjJaoa^o tfSljjl Jj-aJJ *l (|" l n 



facebook. com/ketabme 



O ** „ 3 ,. * S 

{JLI iUL^.] «LuLaLc jdaZ lajti^ «Lj^jiu (^jJI <Ajj^ miIL 4oj u i II ^jj^aJI Ui ^ a II 
j-o^M <jl£ LoJj ((jfjj&aJii J'S mil «LLJlJ CjIjj mi<" ^^,>* 4^1 ^J .JjAilL 6jJd^ 

Jj ^ " II ._. *'* - ^.jfc evolutionism jj U " II v ju a J-^'j^ j^-*J 

jjLI Jjjj ^ ^kii LUj -Ja.V cjIj ^ ^IjiSVI IIa ^ujjl^j ftransformism 

^j <JU. Lf ic Ji^ £>» J5 <jLj ^ .Aij ^aJI tcreationism J.UJI ^jlaj-o jjb 

,—11 P jjJI j^>JJ (JjlaJI u-»-A»i-6 (£±ij^AJ \21jj *<J^-^ ,>**■* pm*" ntU fljal jja"n <jl 
j-lC. (j-ILa* tJ^-S tj-o aLj^JI <jJ Ci ^ j 'i <jl kAJLj <4_C-I^jj I o a irf^i aj <jLoLS Jj.^jjI 

'" * V/ j" " . * j 

j <AnLc 4-»£.^>J SJjJaJI CjI i I -^"11 ^J^.V JI-% n II «La^dLuLo t^^ol^ijVl ^1 Jjj-* ^fj 

<J^JL^JI 4 * *» faQ Lo 4j-*-» o~°s5 .1 iAi t I d <«■■>* > J-*A3 ^JH^H3 ( — » t»* 11 " ur^" *J^ t-' 

.jLuiVI t^;UIU Sj^JI *CjIjL 

A \<\ i^JI» jAj) tr'J-JUCS^JJi A^TL/JI p' Ih I, O Ali (jf A ^s3^A (j^Jil ij-L^Jl t— J A J A <j| 

-ui^ij jL^LMJ JjU ^t ^>i ^1 :lft1f- o^ «Intelligent Design «f jLJI 

^ JdxJI 4J- 6 *^?0 J LT^^ Ui^ LT^J -f-l*JI d*- <Jj lAtfl ^f J icjij-a 6<XLa.l 

o 

^pJI Simplicio ^LLo <jjaj uX^. ^f '^^Sj jliJI ^i* ^Li <pL^iVI ^^L a*s^ II 
v-aAiIaJI ilL^. ^ (Lo L n Ir ^(jU" (j\ fj\j y%\ iijjl 4 L i mj /<-Aj (jjJjJLc L^j pL^. 

^ e s* rf 

^ Ojfcj^ *^ ^^^ u' LT* t3^" oAifl ^ Li4-a.ljj ^^Lll 4 K i m a H j fo^LLu 

<nj <A a <Jj\U a ^ o j j-^iili Jj (J-ual^l-JI a o ^ Lc. jl Jj <Simplicios <jj-"* o -'j^ 

j\§ \ a Id^, jj-»S <aj S^l^k II i-iA j a Jlj^ ^Lluj /^-11 g' ^ ^ H jJb Lai <UaAj 
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^j-o j J \\ Jd£. (jJ^J tlJLl <Vjl .1 g ** n laJLfi tt*M-j a ji.\fl" t 6 j J n fl II I d "I n m \* 

aJjlJI <j-o Ltjjyji-aj V J^i aj (J- 6 J <6jl *"^l <j^ ftj iLfl IjJ <<JJJJJ SjJS <*l I n » 
«JL1 JJ£ jjJajJI jj\ jj <<^.j^, !•*> Q mtl (_£j£,jJI 6JLA ^ t— tAJ-ft 4 K /u Lox jjS 

jlj .(^ji^jtfjj^LJI) CjUj K n II <j-tt lllLa. 6jj^>j-a f l>^ ^f'-^ CtUa^^La ^ 

4 n*^ m 'i n <jj^-* (J' V? J Lf"*"*~>"^ Jl9"" " ^-^J i^ifl" (jl J^fc Jliill jjYillj ,,Juj^. 
JLtAJ Jja*J V j[ ^r, 4 ^ JA 1^^ U' *^\J ^J ■ /c^jft ' ' iJj^LaJI JJ k" II Ojl t i^itt* *_a 

,jl /iSJli -UK i^JI oliSKlJ lHUia.iL. £* r? ■■■•• V „UI jjiilll <A/*J jlSSll 

v LlUI <jl£ Ijl L. 4Ji^iLo ^ ^;UII Jjia. lilL^V 4-^iUJI C.ljLii.VI Aa.1 
*> # ^ J ^ 

LjLa.1 Ij^t 4^-Lh cr^l <^l<^aVI i-tlj^ll ^ Sjjl^JI pLki.VI jj£j ^L^jVI j-uij^ 

6jj-t**a ,^fi «jLi-a <l ifll lAtl lL*_» _ 4Jqj mi p' ln-%1 <LjLl^I (JsljIjJLiI j a mlj 4jJKJ *^- Lfl 
l «lL^JLLoJI pLL^kVI <j-a 4jL^JJ 4-*J • (jjI'NT* ft II 1 fll ni'^V - LjuajJo Ijlr/to Jjlaj 
A*i\*tf.j '(*j * -* 4 <J <j^-*-l) A-a£- &LaJjLi jj U"t II J) I U 't j <l ^iKl ^j-fl .Li^jJjoaJI 
J^Ia. <jV <JjjjJI JJJ^ VIj-o CjI i y \*i II Jj^iC JIajj .^.JbIjaJI J-eLaJiJ fj\ <Ac (jj*" < 
,aa ino JjJS ^ja 6jLaHcl ^jSLoj <<iti .ijftf r>" -gJS I j m*a\ j t^"\" *-^r^ 'O^ 1 ^' JL^ 9 ^ 

^tii jJi ^j <^i<j ,t.H jlUI ii^j-JI i^jVI jjjii jI «Potty Designer <ib 
#u^l aij .blind spot pUqx iLiJ 44U n 4j<< mil L^oUJL 0^1 SjjtJLa l^jlr, 
^j*\ mftll C5 _l£. pLL^kVI ^ j^Vl ^>»JI i*^=^j •6^^' ^^ t ^- a (^, IA '^"11 '^-* 
iii-ua iLi^ oLa.Luw j^jbj (Ml* <pseudogenes <iilj olii^ 4*1*^? crtj^' 
^ iijJniJI oj^l ^(^l^-a jjfcj mutan t D NA (^jiLU LiJ ikj^iio iiiJij jj£ 

(^JJ ^ n II jj U "i II . jj U "t I I 4 ^ r,ij-aJI ii_A_LjaJlj aJjlJI ^jJI J t \ J 

(^jj^L^JI jj-LsJI .£jj4 ,r, II oM-jj i " II jj-l^ 4j Uf jjh microevolution 
<J-j| .^1 i *^-»-jj) (j-L^I ^ r j " r A j ^ J ^ £,'j-^ ^j mi ** j-a macroevolution 

http://www.talkorigins.org/faqs/rmolgen/. .-Jiil JJJI la$J ^UaLa , Luoj (jk Jj-«JI <±k* (1) 
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^^jj^aJLll JJJI jLi <lijL*i l'th^V La^j .phyletic gradualism ^^iJI £jj^JI 

"i-- - * - - 

JiLL oUjl ^ ^aa. jljja speciation ^^i J< .V» ^lj ^LJI ^kj ^LS L^ 
** i* 

6Jufe r*J-^ ^J »Jj t*Jlj JjasJI QA «UjjJflJI 6<J-oJI <->jf (jj\ «m 11 ^J-a » flVI 4.*-<Aj 

* s t <- 

punctuated jJ^LaJI ^I^Lll ^ * .n" ^^JJI «J.t? 1 1 \s^ s^-JLaJI <-jj k \ 11 
Stephen Gould jJj-c ^ \\\ mj <Niles Eldridge £XjjjJI j\%\ equilibrium 
SjoJL*^ iJjjLU Lj^o <y ojiill 6iA ^i Ji^j .1972 ^U (2002-1941) 
<-LL-LoJl ^LaIaJI £j-HJI ^ n m" j j l * f, JiLL oMj j * "i II (j.* iLajJ o «qj-*-j 
(ji ii^j ^jaIJI ^1 <JU .i.»» «t^L^Jl» i^ lt^^j) allopatric speciation 

A-SjaJI ^j^j <j1 J-ola^oJI jo£- <j-a£ IjJ .(I (} Si m t jX. <j I" % f\ <jil^>jLa> <? tt U 't n 

-* " s ** 

^ SjjJ-aJI f l>iVI jjftl ^1 dA-JJ-^" ij <J-*J 'g^ 1 "*J^ Jl^-^^L! Ma^ui ^$1 mil 

s* & S S S 

:£xiti <ui jl mVtjU LLaj Sj^LIaJI 6Jlj,.\^II ^l>*VI ojLc lj| LU ^51 mil aJjaII 
6±^j ojKm ^ JLSIjVI ^L £LLjVI j^j£ ^HouujjW Jlijii5iU aj^ j n II ujUiJIj 

J'* * 

.Ojl nji^VI ^j-o > fljUl ^l" I »' ^5" n pl "* jl Oy*^ ° **^-* *(j^ rt A *^^$ J iA^U «LaJbjLiUcl 
JldC /J^ oLojtt Jj <jj)ln*il.l Jj i in4f n n ^jJL^jj-oj La-Ajl t" f. I i, \ ml Vall j^j-o (jjuuJj 
PJ iii'^ (ildA.VI (j-aJ-J JjI-AJJ IlA .p^olJI I4J ^^^J ^5^-H icj-uJI ^1 jj mij 
p j m'n (^jjkVI dildA.^1 L yaJ-ij <r-jjjj| ^j-o <—>J>S j-ij-o Sp-I^S <f IjjVI (j-a-«-* 

jjj n jJI Ij^k <T i^ i^i j j .punctuation miaHll ^ ujj^ >^Ja SpI^5 *^j^1 f,'^ 

JjUI lift ^Iaj Vj .ft ^j^Aa.VI J^-JI jl (Ja JpjlJlj f^J* jjiaZ <£.j-w ^ 

■* o , ** ^ ^ £ 

l (p lu IjJ CJJ^ <J^f < Jj^k II Sj;^* jJlC Cj mil «JaJLLoJI (jjl^U i^i^^l re colll ^1 



facebook. com/ketabme 



4_L5j-aJI ^1j IjuA .fc^ij m II j 1-1.3 ,11 ild-aj Jj^j <->! t iO oLaJI ^j_CJ d L ,..lj t 
j-Iuij Vl _ *^j J^laJJ Sjja-JI ialllll 6JJfc J1a J>^J <j[ .i-iailiJ LfcildJI Sjill 

L$J :(jjjk"»H <2±L?Jr jlLL[ <^UIL <J) »,yUI1 pUlUVI ^jh'J jLi=J <LjL 

Ciljl ftt II A-Al (j- 6 SjL^lj Cjjlj i^fl" lL^ Jj^f L)"jK>jl t5~* J^-^ LT^ ^-'LojLc- 

f J ittl J ifl**i ,_1[ 6jjsj-i-oJL» jj.Li7i.il JjSj V .LAJ-iSjj ^ i C£j^-' ^ t"»Ja.i <Loj 

{jA l^f^ lj^5 diJ Ml '(C^-l f'' "> \» (J^j2l (^ (jN nij A-i L>-°J <(^^-»*SaJ' *UftLiiti 

oLLal m i 'i II fjja Jf^ill (>• ^Lc^l ljLJi -4j-»Jj ,t."ll jl ii^Lal^VI <fJUII OljU. 
jSlSUl ijj$><J <jlntll ^1 «Injili C^^ J& V 4 ^OJUH^ 1 J^ i^La^VI 

aJ ^jJ» ^ t^-5LJI frLA£.VI (jtj o^*^ jI ^j-" <jJ ^ lt^I ^L-^f ^WAj^ 

uij^JaJI Jla ^ a fl 1^ rt J <Lj1j *C*J>i3l JJB a () "i f.Lui <jl SLa^-fl ^laJ JJB t ^-\ Vi 

<i$LLJ <jl .<^l ^ UU: jSSVI AOjMiJil» ^ jSKill ^i JjiUl oj^ ^1 
(Ciona j.^ i II (j_« J-^-13 ^r^b *^L^SjJI ^ * m" ^^sJI <-fj ^ i II oUIjj •>> II 
d ^*)j^"^ jIj-uo jj^i .^.11 jljj-y II IIa .lo^ <Jj ..i< j^j&j *>Ll Ma. intentinalis) 

Z. * c 

^aJI <i.Loj JSL <jli laJ < j^ a" II ^1 i^-U^j jaj aJ <lajuLo £\ uauJ L^-ii pLLJI 
Jt Sjaa. 5j*Cfll L^jIj <i5LLJI t>o Ijf^ b^ <*H<)" ■"! <JLojVI .jl-Aj)fl <J u-n mj 



«William Paley ^L aUj uij£. jU ssL=JJ ^Lll ^jUJI I1a t .Vm > a ^ <^j3 
(jio jl5j .<ill «iLk j^jj Ji ^L LSjIj <jl£ <iV ^jj^ u^ ^ *^JJ ^^ ^ 
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jjfcj J. B. P. Antoine de Monet «uij-ojj ol^IaJl j±±> o-i^jjLj ^L^ L*-=*jt 
tjLi o! (1829-1744) Chevalier de Lamark djLoVjj ^jU v i I J_«U> 

^j n Qj -^^ ^ LjI^ a5 ^J-***7 (jl^ (^iJI <^jLoV .O JL=^Lj <1Lu-JI <JLlu-JI 
-^ a! ^IjjjJlj olj iti ^ II ^ IjLLujI I^-j ajj <cAa-J aJLjJ licLuu^o (J^-V Cj-Sj 

a "t^ ^iiJI <JLa>V ^5j ^Lj^- f^y J^'j^ {j* \^ 6 J-^*i *^" ^J <L>f^ 4 ^-^ 
.1809 ^U jjLuaJI Philosophie zoologique <ut& ^i I^jS 

^j-a Lo Lcj-J ^j ft "*■**,* *< J I ^ H JLi *\J ^ I t^s\ *jJ*. <jjk£ ^J^i L)- Jj^"»" I jLoiJI 
<C^lLo f I^jV «jjj i^>r JjIjaj» f jij-a t mJI Ijjftj ^^J-LI ^jiaMiVI jJh^J) 

** -, ^ fi fi f s * * 

\ r\ tit 'S LA^jljlCI La_ij *Gl A-a £<Li ^uLlJl jSjJl /<-^' ** " ^ m » 6JlAj - 1 iAj luijjij 

.i^jj^ji <>4-JL4 cSJ^laaJI C*' o i ii II uj itt\\\ LaJI ^ <j| _ <Uli ft^ 2 1 <JL2k.^jiaI ^j-6 jl n <A 

^LlaJl jU AVI jljjl ^^LJ loja m <^U <iljJ>JI <^5j <JLklxul ^a «OJlol ^f-Alj 
Jf?^' l*4 ^jjj^ Jf^ u* ^>?^^ J^ «mU'niiVI (jL Lak. «JjiSI <iljj ~ -.^"l 

.JUJI 

U^^J^juaJI ^^j-i-lj <j1 J-ii (^-1 '6^.411 Sjjj-AJI LJj .,.11 ^ jA. m/* jJ 
transformation J^iJI ^1U,^ I^JI jLi^ ^1 ^djUV ^Ijl ^b '^ pjfl & " H 

fj,, oS d J II (jA^J-11 ^jlS .^j ini II (j>3JI ^j-fl /c^ 5 *" La^.^^J j n't ml < jj U" II J^-6 VjJ 
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*» A * s ° £ $ 

$ <<L^k ^juA (^LLLJI ^ ^Ui3 ^^lll ^aJI SjJLx) j a I \ II jj.n <*> ^1 jjj *J 
1914-) August Weismann oL^lj o ^ J jjd «"H ^LcJVI ^^jjjJI ^L5 

6 J U A II CjI Q IH H (jL) <* ul 5 H ^g J f J II jrtAj" L^Jkf £-6 - J i^fl (JJC jl 4-fljl (O n 

djLoV S^i^ <4^J ^J Jj^"^ ijjSj^JI 4 .n mlL L^J <5^U Mi <£jJJ 4^m7Snll 

.^Lj^L JjVill jjL ^ qii^j jllia <iV <<s£j* striving ^yi-cJI ^L 

^iLLll ^ls The vestiges of Creation (1844) jU II jliT ^Li^ ^j 
dji dii .Ui^o Ijj ,„i"i (1871-1802) Robert Chambers jj.i *,».*." c^jj 

J-jUa j_i-C l^AJ&j f jl <i i nj (jiujj ;J ' ** T * ^ a '" Cii j 'N l*jl-fl liXl »4-j&j mi n Sjaj 
cJi^JI ^jK^ LfAi ^„AJH"* 3 ii-uu Lo 1 \ \ mi (]g j i 'N II Vi\*\ ftll i— t j t mNj J 't J 'l* fl f JjU"ll 

L^LLcj cJ^ (^lll <Bridgewater treatises oL*i»j JU^VI <^j-o^a ^U <lu>S3 
^LLII J^VI ^ R. H. Egerton ^^p^lJ <5>u> j-\>*j o^ 1 J^o l> jk^w 
<-LLJj 4JLII s^i jLf-t»! ^JLi» <Bridgewater ^jj ^xjj_» <j_LLLJ ^j^VIj 
^ -^ ^ II JiJ iJLij *J-a-xJI Ijjfc I ^ ^ «Aj-a ^oJI *lS_LL ^ >^ cf^-" ^" °^^j 

JJ£. ^JC j > jajJI J-ilJ d ^ ml j Cul^ f((l^_jjjiaj <ill olijl^ o JJaj J_i^i f^Jj'Sl oli 

3 ' " *** , o 

<JLAJ-LJI > ^"» (jljpa-j I ^ t JLrtf.VI 6d-A OjILa.1 jij .5j r^l t o II jliiVI ^ya 

T. jj n II m" (j^jLo^j <jJ^ (((jt-taj^U ^^-Lllj ^^J^La-VI (j-i^jJI *-* <_i^jLiJI 

<JUJI £* L^jUJI j tjiUH L-ilii» ol>U-» ^T L^jj .Chalmers (1833) 

JjuClj ^<JJyiA ^Jaj <4^J (J-°J *J- Kldd (1837) Jj^ UJ^ 1 ***^ «(jLloj^U <jr> in'N II 

c ** ** o 

.rrj^ <^>ll jJb <jLj (jVI JAAi LoJ Jajv i^rJI JjLLcJI (jJJl^jJI MS! 

jJjLiiu jjj)Will 1— iAJa f^^J *^'s5^ J ^J *^kU\ (j-a 6 j 'N t " ft II «UAij-aJl 6J-A (c- 3 ^ 

lt^ c^jj' j c^ *£*~* ^ c^^j -^^^ t^-l[ fLi^ (1882-1809) o^jl)I j ^^jj 
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* o t * 

«jjLlIL LJLt ^jil <ljn ml tijij J-aaj tjl^ ci*j^ <1836 aLc ^ 1831 aU. ^a 
c>j*jj Lfjllaui ^l^ ^^iJI Beagle Ja-u j/sLIl iiii^JI <jXo ^k, <Liki ^nj^UI) 
(Jjulh^ u 1 ^ -t^^ 4^ ^iU-* 11 (S^j^ j^ <S^ >*j < R - FitzRoy ^jj^i 

s* ** ^ «- 

U^i. (jjLau (jl^ <jIj L*k *<UtiAj ^^k jllll JALI ^JJI <jjjuuj| ^k, <iilu jji^ia 
j-^- t^Ulj 'L>dX? u^ <^UI <Castlereagh «-j^-LuL^ o^j^-iiJI <-<»-*-» J_a. LLo 

iJl iVt^V <LcjJLo aj^i ^ M^ 'di J U* n II (j-o Jjt^ jdi (j-fl <j-»^iJI <jl 

ij^ ^i:1 aJjiJ (^IjJI j^iJI ^ jll^ UeA* -^j\ lt^j^-" lt* Cy^ ^ £ - 

jj" . O I<Gj-*^ _kLi rr i irn £)! 4^1 n-il (J-Loj <^j i^~t m A n\c 
(A m ll j II /«-k. j j ml 6J-C (j-JJJ'** /j 'A ftl <(j" ft ^ H 4 " I ** J Cjlj)*t m Jjl^j 

4-fljLij Lo IjjL (jl^ (5 »111 j^jJI jlja cj-° <^a-L^ <jV *tJJj-» SaLt v-^j 6^ J 

«Lujla^. cJI L* /c^JI <*U «dlj-o <_«Ui| j(] mi) CulSj . Sjjl i^-ill ^'nSi i i II (jpu* /e-k 
jj^a.»\ (j^jj-C-LiVl-C. JJ-^- (^j-S <1835 aLc j i oJLji ih/J^-LI 15 ^j-a Ujj <^jjI ml 

<4"'m<im cul^ cttj^. ^jI^-II Uj^flll ^^k j^jIj^VI Jj^LlJ LjU^JI ^«t.^^LuJI 

I n ^ 1 /«-k. Jj) to^ 1 1 d q a utaJI <—fl2fc jl mi II w n-%*^ <1 j n< Jj fl uu II ^j-a jojlS J-*-a 

j>aJI j^J ?n^ «Ali ^^.M-mJI ^j ft? c^LSj .SjjjJI LU.j ^ <lKV ^jU^JI 
jj^aJI j^J ct -> 1 p Ij-jVI fjA^ j jj-^J f o iAjJLjIj LajIjU i^>I (5^^. aJ Sj_i-i£J! 

H. J j fl I n ^jLajj-A I a mj «LulS^^jJI jJ^aJI ^j-o 4 I ml m ^_A (Jaj^£.LjVLcj .Sj-ii-i^JI 

<U^Ij '(jjjub ui-uoj j-a l^ji^ JjK J-^aj tjJJ <Zi2j ^ Ujlj ^111 Melville 
ojLua (jl ^Jl *^jLfj *^o-Al joij aJ (jjjijb ^^^j .«il»Xft ^^.Ij^-c» (j-i (ji>J 

jj^JI» J jj i n" < r in i^ill (^ cj^ *^' J^ u* il «Sj^^JlJI 4-L^j j-i «Liii, jj^JI 

.jllol 7 1 ^ iAjcj *tjj-6 27 (Jijj 4lii uJI Jji» jjl^ (2) 
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Ua-jV («ii^UJI jj^-ll») Los Encantadas j_aj l^li cJj j>=J1 »Hl"t U»^" 
^plll c-L^iLuJI a-*J ^1 £$£i ufjjl^ J^ Lo^l£. dJjj <p LilT^lj ta <£jj^VI 

1 (j t ft^ ^jJI JJjlaJI dilLa. f^yJLi «CLolill (jj^^iJI ,^-fl <J-ftGj ttfl -v U («it J£.L-UJ £j\£ 

t^Li-jIj-jlj (LiLij^-Lij tJLj j^ ' "j u-^ u'- juj (S j-"* jj-2 f^) ** ^ " ^ n J j-?* u-* 

:6 JfJ^» *>JJ La£j .(jfcl jTll r , .J 



j 



jjfll tr-^if.j f j j a t fiil j^jJaj n_fl^^Lj^JI (j- W-* ** t^aLa LcI^jI j^>aJI 6J-A (^ Jf^ '-I H a .ij 

L_ij^li ^ jjiojuj <<LoLl)I cJjL*JI (_>**aj f I^jVI ^A^Jj .cibLoJI ^ ^^^-Hj <c£jj^l 

.<_JuJfcjJL» ^^jjjL-al jU ...^jtta.11 jl in'tftVl ^A £-3j-oJI (_>**AJ J i iVt i^^l (*-JaJLj <£JjL&1a 

j ° 3. t 4, 

J) j U i <jLS /Jlll iijJaJJl i*Ji^"' /c-fl **Aa, *La^_a jj^JI ColS t\ 'ik^ 2j Jj 1 m La£j 

6iA j t^Mj aJj .natural selection ^^j^UII pIUjVI ^-lJ SjU cjjjjIj Igjlf 

^ic 4h^ aJJ «_LU JjjiJI J.a-%3 1j <2>-*j *(i^J' aUoIII U j <«im ^yic jj^JI 

J JLlD n^UUJ t*ll\ %j t^jlS uji cA-£ J a -s a JjJt-J «LfijJLaJI ^jJ 1 "iS I < U 111 J *^J 

• CjJ^JLj t,Qj*s"llj 

^j-j^jlj (jL^ J-La <CjVjI mi" 11 Jj-o j i t N <L»jJ JjJJ a-ft^jLmJLj j-»Lj <LJ1 A-«J 

6pIjI *0j5 (Sjlj-*iJI o ^1 U 'J cjf^j <lA*-II (^i AjlSliU *Jjj ^iJI SjIj-£JI ^l j^ll^ 

J-uiA. t c-*JI CtLoj U n II 6^-flj J- '-^ J'3^^ U^ LaJjX. (j±a±Xjlu /J s ^JjI 28 j^-fl 

Malthus (^^iJLo iILLo <J -"H j «^>it l^i j5j .<L >> kJI r^Uj JMi. I^jlr 
Essay on the principle of population (1798) ^1£ ...II 1j^ ^ illLo J^l»-» 
( _A jLLujI j-Aj t(1834-1766) ^^^jJLa ^juLo^j ^\ o a II j 3^^' aj*^ ^ ^ II I o ^"j^ 

^j .«Li^^-iiJI jl^JI A^^^-I* ^^ilaj-J jL-aa5VI ils- <J^jJ^-l (Jf£- ^ mlj mil jl i^i'liVl 
Jj|j>JJ (jK i n II JOt ^jV AJJ 'art <bj m i II Jdi ^1 j^i ^jajjjJLo j* La. <<JLLoJI 6XA 
SjL»j (j-a <-aj m i 1 1 1 ^>i-a jta a_4 0-*J <*l-iuj|jLjLll oLaJlLdJl Jj. t .,6 t j_« P^-tul JJi.aj 

'njL L Ji^j <JLUI 6iA (jjjjb j£1jj t3^.V ca5j ^j .«LjIoaJI LajjL-o-o 
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.JlJjJl ^1 LiiLJI j^ oljoilJl jO^j <*ISJ ^1 <^iUI oljailJI 
: 6ejJ J oj^ 'H 895-1 825) T. Huxley ^.1 ...<& ^L^p JL5 <J^V cJj ^ij 

Lfl^Lk (j\£ <<l+u tjJj^i^ <jl>5 Jl^ts <ZUk^%ci^& jllHI tjJJjlj J-*-alj ^J 
.<jj>^j ^JuA ZjlL^ <jl£ <C£J <<J mVsolI ol ft ...II 4-a5jU^UI <5IjjJL* 6jU"r,l LaLG 

S^jJ-^j iS^ij^oj <-»j-S I d LL^ j i/^a t <1856 aLc 6jtiiV i_L<-oj ^Lj^ '^ ^j 
( jil -t^jjj-cul^ jjH^dJI j-o G. Eliot ctjj^l £j^?J <->j ^ L^ <J^a3JIj jLai£.VL 
fY) j-5j ^(j^jjJLo <x.0j1 La a l r, u-fljJuJJ pl^JaJI 6LaJll ui uu oiijjui «lLJLa. 
(1913-1823) A.R.Wallace ^Vlj, J— b j>JJ\ <> <lajUA n (Ju <J dtjJ* 
On the ^ I ,^VI I p U * ; <>c ^j-^ ^-e al * " ft* l*4 tb^' ^^ L^lj-Lc 

J £ .tendency of varieties to depart Indefinitely from the original type 

aU ^5j cW. Wallace ^Vlj aUj ^,\tl7s..iVI JLJJ >LliJI J^iJI <> ^Vlj 

1848 aLc fjja I flj"^ A fjj-^ g. ^ ? ** 4 "\frJ Ojljl- ^! CjLIc ,-fl j * ml J CtVj^J 

^^J j j mil j^S <<1aj <r> Ijjijj! ^ <-L&£. ^j-* <jL«-5jj c*jIS LaJj .1852 aLc cr J[ 
^ij .1854 aU S^Uj^u ^l J^lojj ^^^l^jj^VI J-ijAjVI) jjXJI Jj^JI 

J^Li.j < • n -y llj j 8 m II (j-a ^j-IJ-lu J-3LJ cil-Uj <1858 aLc ^jlj-J-i/lal t m J-^— i 

iijjjLc» ^i. Sjjj^JI) Moluccas ^uKjIj^a Sjj>=^ lt^ Ljj^-° ^ ft ? A <^LjL«-6 
u^jj' j J^° - *^j^ ^(Ternate ^Ij^j \1\j Gilolo jJjJf^. Q cajK I $ Vs I ^<5jj 

La< i» "il (_^JJI ^-Aj <J-& 6jl S fll Ci il S 6J-A ^jV f t JjL- ) o ( —k (j-ijjlj g-5j 

Ijj ,4_Lo o j fl**t ^jl jISj I o t j «CLijJji cajI£!j rf^jLojJI ^j-* (2>-»jjLc Jl^t LaLcjj 
J. j£>a cijj^^. oLlll ^Jl^-j <Sir C. Lyell JJ ^lj\ .V* jj mil «uija >^ jLiul^l 
iJLiLo LoaJLi ^1 Ij^i jJLi ((^Vlj 5jl m"t .>. I LaJhjjdJLoj fj^j aJ LJj .Hooker 
? j « « ^ 1 1 ^Llll ^Lo^VI (j-fl uej^la Lf-»-la> ^1 olh^^LJIj <1jLuJI ^^VIj 
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pLfljjVI £T^>^ (<tia^JJI Aj-oj .1858 aLc j^jj/j^oj 1 re-jjllj J)jjj >-i «UJjLiiill 
<jLj£ 1859 fJ-C ^J-ai^j/^-jlUI (jj^-iiu ^j^-juu (e-fl jJj-a1j <&j mi'J UU^h La 6J_*£u 

jLsLLloI (jI>ulj <(3j1 <^.jj <j! <0n the origin of species f I^VI J-*-a! uU 1 *- 1 

0« the origin of species by means of natural selection or the 
preservation offavoured races in the struggle for life. 

CjLa-jJaJI (j-fl-fl ftJ-U £--&j 'L* <i-a* /j-ll cj"*^^ p' J * * " 'i-* u' (!>** U^viJ'^ iy" ^ J 
. (3) 0n LoK JalLJ ^ <i»i L J£ ^ (iiiLi»l oLsuia ..^ Ciil^j) iLa.MJI 

<JiVI ^^ <dlJjj <jL-iJI Ij-a ^i Up£ ^VIj J-aUJ tU-%11 <>& (jil .^^jtkJI 

Cil ft in <La5 ^1 J_ij • (jfJL)^ L5^l >M ^ jV^VI ifjJjl jL>*f 4 I* "> C^iJI l£^ V.* "i j 
Ll JjJL jjLi .^jIjj-JI I1a ^ <CxJ>u> <>a (^JJJ ^ylll iL^^kJI «^Vlj SLaJ 4 nun 

S&J .<Jj^ ^^1 Lo t^g-kl ijt-jM OiJ& l^jl^ <J1^JI J^^ialj pM.'kll pUl^VI 

.«Luiii ^La-jt^l ^ioil iuLfjiLIl 5jjLjuaJI iic^UI J^^kJI 



J^-a^j V «IjLuaJLklj .JfrjJ U m Lujl^!La.lj IjJ-a. <T t I U "i 't jLxj-tVl j^j-i I j I ^ J \ 



IIaj *^l>iVI J^t £* <^lj^uaj v l^JI J^ljuj Vj 14j1uoVJ <jLikJI ^ «evolution» icJS ^Ii3 V (3) 

.<J^a» jjSjLij Jj4f ^'j^** u'jf ^*° 
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h fl^^LiaJI £y> p^ll /gJt-AalaJI pIUjVI jjJ <-ujIjJ *^a*JJ '^J^J^ 1 J^ "'* SlLaJ 



L-aj| ^jLaJ Si La I lu j^LjJj .Lg xiZoJ 4 j ^ 1 'i n II j iijLj^l ilLaJI ^ L*-=*J^J 
Ah'ill li^L^.j .61 &a I mil ,-i ^jjl^ui <LAjjJa </c^'J <1(}J mijILoj I (] t mi^LIaj J^ I t*n 

<jLi <j-aIjVI ^> Slnju»; SImJm, il^aSUJI L^i jl^=JS ^iJI gUjMiJI <lkiJI 

jjj*. ^l£ ^ Cilj-ii.jJI aJ>» <±ij^ <lj^. ^lc (^-laik j^ A.liaj ^jjjaJI Jl ^ o II 
j±£. a h "i 1 1 (j-a^JI *-e> jjialJI (j| .4"/^j i ^jjiaj J^JtJ LojAr. £-^JI O^-H ^i 
jj U"i II uftlaj Jj-lLo^-oJI <jl j^i ^.i^fc r 2 J <<J j.* *" '' '»^ '- 11 "^J J-*' «LkLaA H 
./Ja^JI J-i£- J_lSxjJI 6jJL-&j ^JJ' '^gJ^J"^ l' Ki "\ a ll J *<" uaaj j| t m II ^£. ^jj^a.Lc 
i±a-jJ-2»JI ( ' 'J^j" H) J J LaJi-ll J>J-aJ ^yjJI jliiVI jAi j jL^-aLj JjjIulu <Lj_Aj 

jliil^ u^ ^lll <neo-Darwinism olULll «Injili j! <modern synthesis 

(£j-»-^JI • oJaJI «_ijLjJLj A j U " rt II jlifiVI jJjJLjJ OJ^-J («LjIjjJI /1 U t j I * "" 

f-liliVI ^ ^Ji <<lilaJI ^ij .j^ili: ^luLHI ^j^iJI jj^Ijj J^LL observational 

ijjW" II (jn i ml " ij ( ^ij 111 1 II ^>5JI (j-a CjI t 'm i^LJI J J I ^ i *^l ^j^JLa £y* M U II 
^i I (j "t ^ # J^laJ-U *^A?J^-II 6J-cUJI \£j[2 ^l^jJj'ijnjMftll) CjIj-ALUJI fJ£. 

. JUJI J^UI 
^^jjllJ JjLaJ ^Ijj (iV^ j^»j <*5 .1 

iij-tj li-lj *<jlj>ll <fJl t>^ S^ii ^1 tl>JJjl J C5^ C>^e H *£>^" LT* LT^^ 
tj-o J^^J ^1 f'l-- a ^' ' Q d *> J ^ (5J^ L^^'J-I SJ> : a-cl-oJ| Cj\ n m i I I I (j j J j ^ Tt «r-J-«» 

6jaI1Lo I o i ^j <jJI ^1 Jj-oJIj s<LJljlL± II <jJVL J^ II IJla ^[ .«rj-cJI j^i» 

^iJI ^ .. ut/\j S\ S^laJI >^-a. CjjL^ <jjialJI ^ ^QV\~ <j\ o^a^ V L4JI <£.j-cuj 



facebook. com/ketabme 



^ ^ i j <ji (jS o j La^a ^aSl «LjjJ (jj) i -^ m puVI <jl «(j^t^alJLa JJjJ La£ <,_jJL4 IjJfcj 

jJ5^ (Sj^^Ij 5^>-o VI <—i -^ j i V <J-i-flJl J-4-0 «pl^iVI ^ At i .SLijaJI jutJ /c-lt Lf^-o 
4 j ^ II oUjL^JI ^ Jil joij 6d^j ^hLUJI ^ -Uj-WI .Sj^Ij ^>^ SL^JI 

pLVI Jj-« LajjJ <<LiJI Jj-a (CjI^oIjuj L&JjJI^-a ^^J ^4 *"*" <e-*-" £jj^11j SjJlA-aJI 

.4jjjaJI JjjJI ^ ^^ia-ioj^JI <iikJI ^ 

<1ajJI «la (J&am ^^3 J-uaiLi t , fl iVu (<-"' *^" <*-* «La^LUI *Uj<iJl .3 

jljo*4 m VI ^-Ic Sjdill <Gl iSLjl^JI jji i A^. pLLJI J>a~o J>j> ji^l *<^-*^ j- 4 «rLajJI» 

g J' 

J-aJ Lflj &jia ^^Ij <l^- Ig nfl fl ^^j-^ t^l SjLjlII <jx»Luj1 j-A IJj-aJI liA .j$l£l]l ^ 

f^-ixiC a njLlll Jjjill (j-fl <LjjaJI P^jL»-o <_£jLjj-a Jjji ^ m aj II r-LiaJI ^J[ ^jj <Tnj O^' 

aLc) Laj^j jij ^««-LuaSU pLLJI» ^^ SjUaJlj <H. Spencer j .n u m o>jj-a jj& 
(^111 «Social Darwinism <^l ft "^l i^jjlj ^j^ J>lj ■ ■, ^J (L^>£i 1862 

j[ A^ij «oLjLal^-aJI CjL.nljjJ J-a-«iuJ ^aj^UII pUIjMI <LLwuaVI SjiiJI Lfl-ii J-wjj 

<£JjJI ji.j3 Jl£ «t.l ^ pLi-l^j «eugenics J „Ali ^ m^J ^JjJ ^LJI JIj 
«jU-u^SU pLLJI» jjLi ^oljlt ,t.ll £±*-*. ijS JUJI j-A U$j .racism ili^lj 

LK ^a-usj^ <j! IHL jjc '-?f*J VI (jl*Jf ^ijiUI pUIjVI ^ ^jII u1j£. 

s / f 

Ij* jJ^JJ V j ^uaLaJI CxijJL LaLaj f jib ^^jiUH pLSIjVI .^jl^-aJlj <jLajJI ^ 

Ji*5"t imoII ^jjNj mi i < J.* 5*1 i,i«A.II ^-i «u ui ixi Jj p/c-^i La I ijfci (ji uf^* 13Lfl .uoiljjul 
** "j' * 

facebook. com/ketabme 



LiJJuiaJI <uLoVI iLkJJI ^Ls fj^Ulll jL*. ^lLajI iL^ul jjti :&Lj£jj (3^" J^° 

Lfl-Ij-oJfct CjljISj <<UjUjj ^J^IiiU (5^5 C^- UJ fi J '^^ ?J ml m^ II .(5-1 J*S m Ih 
ixi <^o J^-iil jkJ^LJI ^ii- V^>>^' '^-* LT* *^^' ^ LT^ LT* LH^ P ^ LT* 



'(c^j^.1 cjVU-o ^i L> ^J (jU) JU-JI IIa ^i SfLS J& squid jll=JI ^ ^1 

?j^ mi II i LLk 4jj-ojJI <La£.jVI <-ii Ci» 'B J ^j^iaj JJ>U J^ 3 LT^ ^JL^^ U"^ 

" ** " ** #** 



« UI <S"jJ • jlalA-iU VL^-o re-uiij Ij-Aj <aj^ I t II j ^ mlUll ^j-n n II f UI fl" j .±i j ^ 

LaJIi ^Li Jungfish ^^jjJI d^UI ^ ^j-o .^1 m, ^i oV ^L^^JI JjIIa 



<jj-oJ 4-i£.j| 





.(j-ij-aJlj «LL-oVI ^j^iiaj j-lt J£.Lu^ 
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P LaoJI J-o J£J J^/>JI l)J 'A< JLojlLujI ^S ^ua 3f^ J^ <5^' jL-alJB^lI j| 
Lj^Joj I ml m| (JjjjjJIj (j mi II Jjl£. j i^il^ tj <<J iiil^-oJt ^^ujilaJI (^j*j^j Ij-Aj) 

i? 

.fclU Jl <JOI ,> c^UI V ^VI «> lUiJI ^UJI ^ 




fr MiJolll ^g j -^ o U (j^tVI j J U" H ^ ^ I -s "t j aj^LJI ^ji. j ua^lJl (j-a^J ^j-lc jAl JLla .6-1 J^iVII 

CT^l C? J J^ frJ> mij-^ lU .«L^.Jj-oJ «K n m InU^ o jLmjJI ^ J*S mil (jf^fj .CiLjJjUl ^ 4jn '^fl II SJ>f^.Vlj 

■* * J J „ 

*-sJI ^>jx, J^-*iJ tS'JJl pL&JI <j-» {j^? "'^V* ~j^"* ■"_' .f-^JI i-mLaJ JjVI aLLoJI jji Ja*H*uj Jjli-o k-aj>^j 
^1 JUSV1 oLjU* Ji-o <3-ajlJI ^ *<^"H <^I^JI iiLUI J*»" ...Sj .gills ^UUl ^ jjJaj |J; 

.«LuJaJI p! 1 1 Jji.il > flj ui J-Aj *i$S^J^ '^" " UT* ^J^ Ir» mi j J I Kln^k A U jjJUlij .CiLlAI^jUI ._fl (Jaim m* 
J^J-k" U^- ^lj4"^ A-lt-t . laAJ a m II «LtAiLaJ J.aJlLuu JIjjLo <j£l f aiLll eiijAJ ^J\ jam jj£, ja'iftll gji.1* 
^ ^j-a.Jj-ftjJI < T M*^lil lfl_> j^LiSJI <- 1 •> \ Sjj-usii <j^^Lj S^U^. Lfl-il ,<jjI^JI £jli-aJI ^\ J^-JJJ f^-H 
ol^l <jli <JiaJI pj^Jj .pI^JI J^V o^ 1 jfi.li*Jl J^LLui iua. ^(>jVI Uk^nll ^i <1*^JI ^oLujlll 
^1 ^UJJI Jjjkjj <<^I^JI <jl^U I Jj^la Jj£ o^^' CT 1 ! P W J>^ J L^ 5 <J^ ^ U . Jrn ^UkJIj 
.^Ijai-VI S^** 'i?^? *^J| i^H «C5^J^*^'» V^>*^' ^^* ui -^CSJ^' (3^^° U^- S^jlaJI 

CjLCjJ d J UXa *^^ ^ *J. pLLLjVLj j J 'l* 'l <1 i uLm i] tfjS f\ f\ W J±C> (J^O 

JJa3 AJjflft (JJ^J ^ I4JI <i-Aj JjV J^f (^yjJI ol <J^" H (j[ AJ <ULjl^.1 A mjl un 



g-HUj .O^^-aJlj ^1 (5^>»J fj^jjeZ fj\ (j£a* L^jV < l*tjlr . jJa^ U"^M '^ < 3^*^? 

U* iAj ^jJr<p^ .^"11 infection ^jOaJI £,j^"i Loal^ <jjjjJI SjjI^JI oLLpJI 
SjjI^I ^ji ajU j^mnll jijlll ^1 .^dJlj <jJjJI 6JjIj>JI jj^ ^iJI ^Lj-iJI t5 J£. 
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>■ * ^ j <jjjjjl SjjIjJI ■_'! j " H ^U IU fAjJ 1^ Sjjlj jj-o £jjl J ^ H <j-o <J ml "iil 

Red Gueen *lj^JI <iUI il^^j ,gJ ..m U ^L^u ^ujikll *LLLiVI 

^ LjVn J^jIjiJIj LujjILJI ^j^^JI <jl LajLL» ^1 SjlAJI ^ hypothesis 

# " - „ -1 

.Sj^Sb. J->S Mm 1^1^" mm &j^jJj> lj_Aj c La (jiS^a ,-$. 

^ s* 

Vj .jjJLjuII ^-o La ml j VLuaial iL^Ai-a pl>aJi ^ JjLa^a <^JJ O 4 A" Lf lll 4j-^H 

LiUjI j!i^! aIa convergent evolution <jjL5lJI j^kJI <jlax. ^ jl^ a^jj 
:placental ilao-i-JI oLjjUJ («ulj-^lj j»r\ll£) <fjl>=JI oUIjj^ II 3j^>j ^ 

LuiLuil jj W\ i 4 i'tl t II /j-ij f-j-^.jLi. ^jiijS ^i I ml uli ^j j \ "\ II j^jJoIlJ (j4jVI tf*-& 

LJIjI-lu! cJ-i-aiJl Lo^i£. cjj^Lj oLjJjJI ^a i^jl^^l H-ajVI ^U I i! .pu^^JI ^ 
f tLuj (jjiLa 65 jjzJ> J^5 Cenozoic era duAaJI j_a Jl JiLL Kj"<jLxjV1 ^ 

s* 

IjJb *(^"T JN min J^slLo (c^- 1 -* (^1 «a^J f*t rt^ t r\\\ r"^ ^'ni mi J-L-a f VI n m Q j ^^"j 

6j^hn ^i 4 1 .t. j ^ nj .n a ^jji jjfcj <(Canis lupus) <JI o ,t.ll KajJ ^j ^Ij 
lJI m<" m,I ^jl jJj .(Thylanicus cynocephalus) £jIj^JI ^Jl n m "t II 4^jJI 
OjL-VU :(8-1 JlAlI) i^Li^ J^U &j* ^Jl i^tLaJI 9II1J] ^tjiUH plSIiVI 

<Lij|j_aJI <-jj a\JI Sj-^JI 4 1 iiij _ ^-ajJI 4 J «n j ^^ij^-at ^jl^j-a. J-Aj - (j-jJjJI 

4jI>"*'" <jn,j (Glaucomys volans) ^UJI 4jl?'*"tllj '.(Dasyurus maculatus) 
c4-*j-ll *4-^ (Marmota monax) Lj-aj-aJlj <(Petaurus breviseps) J «., t „II 



(Scalopus aquaticus) cJjJ-aJI J \ I A II j <(Vombatus ursinus platyrrhinus) 
facebook. com/ketabme 




JLoJoJI aLa-jti CAiijJlj *<lxu (jjfla 60 <jI>5 JjJ Uljal^t «JL ^ Ul^^jI^J iitL-&ijl .7-1 JiAlI 

-UVU^JI 




^LUI J y», „II 




J>J JjJI 




^LuaJI (vjI^aJI jj („r»'»" J"*!' 



Jj-o jjJalJI ^jit ^JIJ jJU <<Jjl\-rt CuL£ (<^jj 'i -^ II l£j^tj) LJI^j-^1 ^j\ £-a .8-1 J< ui II 

.(jhj-ijlj-ajl 



/M/s ^J^LcJI jUJI iS 3^ J .(Notoryctes tryphlobs) &Jj^J\ lUJl < } .f.j 
(Antechinus *lj$,^ll ^\jli\ jj jUJI >aj <doppelganger <^iu musculus) 

Jlavipes) 
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<<JlJ^jl^JI liij-alj ?i.1l f\ uill \£jjjA (jJLi «LLuj (jjjl-o 3.5 j^j (J^l ipl^j^JI LoLjLj 

«_jjj>iJI (jJc «Gondwana Ujjjj£j Laurasia L-uilj^jJ <>o g,"*^ LulS <3jjUI 
ctxLi Loj-lc dJjj ^._4 ^.^ a ?j *i j i II pljjiVI (2>^ *4jL*-« (2^ j * m j f^ '^-* ol-* 

*-o fil i j H J_a.t ^ JLjJLLI Lj-La. 6LaJjVL Jl n mi II ^^J «LajJjJI pLcj a -% n II 
I r,ffi il wiJ a J_» t4_j a * a II ( _— i j lS-j q jI ^ /c-^-" ^-AJij-^JI CjLjI j j ^ .11 CjI r j) n ^ o 

<jjLuJI <1ijJI J^£. (^.ijU j i^>f jpU*jl <jc ^-ul\ olUj^ oli (jljjj (j-fl ujIjU *a! 

«i 

Lj^j^o Ijjj L^j ££4>* *^?Jf^' ?\m!1 ^ cjIj^AjJI <jV <jji**ll ijtiljJI 

<_^oIjJLjVI (jj-ij-la (J-C- CjLxxj £jj-£j CjIjJ **i II &J-A a i^"j .jj)lr>*i II *_flj ^^-fl 

jjj L^ (^^Un jLojJ ^^A-a ^JLjlJI Ji iljUJI S^iiJI ^j <catastrophism 
(j-mjjiJI oUlJI jJU. LajjI j^jJI jj-*jJI S^ji cul^ *r^j (jL*>k Sj^U ml ^ 
Vertebrate LjJ i $ II j-jJL^VI fJ-t J^-Ioj-^j <Ij-?> ^j-£JI j j tt " II jj 
G. L. «UjijS j^^Ij dLjjjj^i ^jLIj^ J-U^-l £j^ ujd^' «paleontology 
jx* JjL^ ^jVI <5L^u-1 jjx j,LS ^jJI <(1 832-1 769) C. ,F. D. Cuvier 

3 

iJlJ ■ ^ 9. a ■ * "»- u a **^ H a iC / . ii « . "1 _> , \* * i LaJbl d *V I <<Li^k u a **v II y ^ i-ai i ' pLa_Lu| 

jjji ^ (1797-1726) J. Hutton ^Ju .mj^ J ,A^ L^^Jjj^JI J^ 
JJ jJjLi: jjulu 6j^iii ^jJI *Theory of the Earth (1795) ^jVI ii^ J^ 
L^^Jj^JI p&JLlj* J^jl^ oh U o <i5L5 yJ (1875-1797) Sir C. Lyell 
jlS Uj^ L^o ii^uii ^jjlj Ja=». j5j 51833-1830) Principles of Geology 

IbU-o) 6J-^.ljjl 6ja3jJI lJu-o J~J ULP-* ~ ^J f J* * * <LLki_LuJI ^Lo 1^ 

^jSU i-AjL^aiJI ou^JaJI jl Lr Lt ^^a-ij ^111 *uniformitarianism (jl^LVI 

AyUo l-Aj^-jil *^L*J ijlj^ CuJ-a. <G1 ^^fl *-fljJLJ I \ *t*S I .ji" mi aj f-fj^i J j ^ " t 
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Ifl TAI^AjI «ji jij .^Vl «Ult J-A Lo-d J,"^.» CT^ SH i£J^ ol~? m^VI 

Ql Ui..\ i 11 (j-° «La^j-aJ i_A-ul 



La^LljujI J ft^oj .(9-1 J< m Ih ^j"* inMJl Ll^^ c^j'-* W^ f ■"■* <_r*-" 
West Country (^>l^ o-iujj jLj £-*-*4 l>^ «iSaJI ^ ax ^ ^-^j-^i cjjli 
jjjJI * (} * ^j) Cam b ria Lj-j.nl *s i : jj <^> II 1,1^ ^ l<^=* I a$ «»1 (IjilSLiJ ^^j) 
^ojjjIj ...j Ordivices jj £u qjj J j 'JJjjJ ^jo5 j^J jj*j (Cambrian ^jj^JI 
c j-^lLajJ ^Laj^i ^La^uil ((5jjIj <"ll jjjJIj ^ uiiijjjVI j^aJI I a ^ j <\j\ Silures 
Jl .^Jj^dJI jjjJI pU Devon oj-L^j <>>j ^UjjJl j^jJI Jj-5 >Lj ^ 

j^aJ) ^M "'jfVlj '(f^* *\*^) Palaeocene u \j mj^LJl ^ <A" ^j :U j^ 

LaK Jj-^a! ^1 «(jjijuj^ ^ M-^ji^t atj .(<inj^ll jj-o JjJj) Oligocene <(dn,.i^ 

t»* 

<4 t^^u <JL>jlaJ jIjjVl jLuo < 'O I Sj^J-a iljL^-a ^J-^ P-l n" mL (^j^k! frl n ml 
6d_A ^j-oj -jIjjVI (jAjuj frl n mi! LflJLa CxHLiil ^^-J-ll J^-waVI <-jl>£ j^iJ 

j^ljJI jjlJlj <Tertiary cJLUI j^lJlj JYiassic ^,-^LjjJlJI jjjJI jIjjVI 

.Quaternary 



95 t> J& u^j 1 ^ '(L^jj 3j^ u- 5 s ^? 'Perm) Permian ^^^1 3jaJI 
Jj5 ^ j j ui \ U llj <iixu J^jJ-o 350 Ja5 ^juiLjlll jjjJIj <£Luj £x%Aj* 250 Jl5 

.OjI^ L^ al-tjJl jjl Jjaj jSj <<jcja.j I^-jI (JaXo 4j^.j ^yJc <OjjSI C»1jj— isLljjJl 
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Jua*. { — ![ < 1 j fl 2* * CuljLo oL^l^jLiVI 6JJ& * I*« o t-jl t ml ^jlj Ij-A .4 't ni ^jjjj-a 65 
idljl_i_jjl Cj\ n J tr\ I fl *t o i A (J-^J 4|p 'j^i' lc-^ Q^ fl *' 1 -Mi k "JH* "^ (J-^ fJu-UUJ 
O-La. (c-"' Sjjt^jJI 3~^'J (5^' J a * " P " M< CjLj*J)" mnl J j J m II ^j-oLflui-j V 1 J 

j^aj fl^jVI joajj Jd^. <jj^o SLiJI (j^J f<L ^ A J c*L*^I^jVI a^-a .(j-ijVlj 

4 \ .t A J <Lj-ojJ j ***** *j f^jl U t**t MijU j 'N iALJ piluj ^^Ljij f Jjj gjufll 't "t rt W rr < ri*t*Nj 
<±jjl^=* 4 J n A| c j_o ^CjJLjJ ftiLlj A— o j -(q J ' Q J <*' Q I I ^ "t*" m 'i «Lj-o^-flJI AJ-Aj) 

JI^L j.ft." .«j ( ^jj-ttHI ^ljj^.11 ^^llli .<JJj ^ ii-IL-JI u-i^j }U f^l^LiVI 

Ijj f<_i-uj ^jj 1 1 n 30-20 JS Lt^jjjoj £j J -sJi CjLuoI^jBlJVI J^SJ f<Q-uj ^y-Jj) j 1 n J^l 
L$-j| CjIjJ) <<*>! 't 'J II H^h PJ-^ tJ-^J "J-O*-^ J » ft t * (_>Q J * *> " f-J pljJ2> ,ihu (jLi 

^diu <liJ"V f^^l^SjVI tj-o JjJ^ p^J U nij ,—fl ^jjJ^^^J-a L!*») JJJJ ruJLafcj 
fjnnll l^-ji o\**i ^ <J^U iw^U J^ oLLLiti <£Jl^ II Uj^nll ^ <jjmJI 
(j^IjiLjVI <jl .Lf-jlj «Lj mi t II ^ Lfc ^jVL» Jj-Aj oUal m 't II AJJb ojL^ L-vjj 

«^j2jJI» ^ <jaj*>L& <JL*. o^f ^5 £^' '^ o-° self-induced Lplj dt^'t m n II 

J>JJ J^fl f^jl m**tll ^J <JojAa <jj^a^ <JL-Lujli}L* jiali <4-**J ^j-6 f<jV fl^jjLflj jj^'tj 

^^>j <j1 j^-A LfijLiij jJaj if^-j >^j .pI^jJI j^>la*i <L*ilaJI SjL^I ^^ic, Sjjill 

c-flVI 4» tAj JjjB jl jiSU (j^- ^ L«wLi£. SLiJI J-i5 ^^-U. ^y^J tjl CjI uno II tjl*io| 
^jJJ <jLft*t II j^jLjlj I n^'tr Luik. JJa_i £j\ * n\ ~\ f\\ £jS e\ \ jLfi fSj-2k.l^ <->j <A t La-5 o 

g. n"^ ftll (jj^f ^j f af^^-°-" c*lj-»i^ JjlSJ 3UI mil s±a.j j^>i L^-ii ciLu J^j^ 

^^U. aJ^^jaII CjI r n"i -s n II iaLc SO£.L5 6JJb Cul^ Ijlj .£=fc.jjJI bSA i-L ^ j *■ * H 

L&S <jL)j mi i H «Llj^SJI cjL^j) o U II ^ji^'t ^1 ^J JJai j^ju^j ** a * a <<1^ l*« **\^ 
rulixu f JiVI ^jlt (Ll^oI^SjI f^A dh\ fl'tftll ^./JaJI Jlj^ll ^gi <^*a dJij ^^jj 
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ttmftjl 6lo^VI 



^^Ijljl <«Ljj1aJI jj-m»*JI 
6 ^4 .Ali ,-,l\l j >^ II 

(jjvi) j^ji 6^y» 



4,9-JI 



jjjl jaJI 



^jVl ^niVill <jj!jA ^LiljjiaJI 




j*» 



l 



AjJJjlII jj^saW .^u*jV1 JjjulJI jji (SJ&N ild^-VI 



•>T Jl 



^_U ^j-^JI jj,<>*\\ .9-1 J£-2JI 
j Ujjjl jij -Lfla J£ ^-cuS ^IJI n T , 5% ! lj 

jj.irvft ^H* ' ft' 1 '^** 1 sjt*J 'Jtr^ (S^-u* Cl nitl 
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U^jJ ,JfiJf <£j\*s %-\ II j LiljJLaJI £jju 4*\* II CJ^LcLilJI * j rt ^ J Jj I * 1 j I n j flj 

J^-fl .^^JuJbJl pLSjjVI «ult C^>?^ CS^' 6^" ^J.*^ 1 I-**^ ^J^J-* <1Luj1 SJ£. 

JaA* V <^ai II CjUj15UI (jl .pLSIjMJ SjL^j l^_LuajJ gJjAI jl* Mini li^Lu 
<L-aj| <^J <JjJfc loaJI <_£j-i V ^jJiaJtaJI P-UajjVI <j? La^j .L^-C-I^jt ^£ <jLj ln n i 

^1 jJjj jjhj 'l^j^-' ^'j^I £-* o 11 ^ "J J >>*" -Clan Sjj im»IIj <r.Lo^JI ^^j V 

a' 

Lo - <jjHjI j i lj V cJjl mil J^o *^-^ LcI^jjI 4_aj <j| ^ 't » .t V IJlAj • JjJj-^VI 

t_jLj ( -i ujLjJ L^j! ' ^ *."<i ^ijjjj o^±* I ^ t^>^ 4"*i L«dlc Lljl jjt ]a2s 4 \\*\ 

J jl y r, II jUjVI («-fij .^JLa^aj (jU-^1 CjU *4^ ^* J «*^' (j' J <^-liJI ^^a fc—^ 

jjj A j II j-ala^JI *<^j ^Ul ^Lol^VI jliJI ,-i <><KJI reciprocal altruism 

r I 'i a> J Jl5 <J-*-h&JI >LiVI ^jJ SlIcI m nJI Adl-J ($iJI <j1 «iLlj <A— lu\j ^jA jJ5 a ^^i 

& ** 

^-^ ^jjli ^>>^J U' Cf'i t£A£? J " *** " L5"^ U 11 ™ * n ' Sj£.l mi o AjJfl" (j\j (C*\*\jy 

.kin selection vjjUVI pl£ul jlliVI (> Lolll IIa ^.«j -<^l^ jSl^ Jj^ ..m 
(1964-1892) J. B. S. Haldane ^jJU o^JI L^^J^JI ^JU ^Li .IAIaj 

jVjil Lol f <Gl \ i -y t ,^ in't 4 o tul a t 411 <Ln^»1 £j* U^ 1 * 4-J-o j-oX. pLLil q-a ^j tiiX 4I 
ITO m^ 3^* L)l *(«4j1\*>» 4^1 tr\n ^i ^jj^ >illf ^J-^C- jl-Ajlj tCjllj^JI Jjbu ^JJ 
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J^lj ^1 J^Jj JjLfiJ ^Jf L° 'j J ^ *^' LT* <L>£iJI 6 ^- A O^^ m n ££U^J 
? s s 

S^alJ-o aj^.j ^j^^JI Uj^ n II u< mU .dl^LJI j_a one-to-one correspondence 
^l£J ^m-%11 v^jill) genotype ^\t>H J^olJI jj^-b LiJ dliA <*£] <jj^"ll 
j<:ri.,. .(^Jl ^KLl <^%*iJ1 oLaJ^JI) phenotype ^jj&lkJI Ja-uJI ^i (^ 

Jjt.jj mnJl ^ Afl ml <dUj A_o fl l£J ^ J ml M H A -y s s Lfjlj <1^JI pl mKH <jA*j 
a (j *A I rt CjI 'n ^ jjl . I fl 'i n VjJ J luUj.II ^^ic- l{|.*t-a Ij^> ^jJUUjJJI SjLfc l (l i o 3^J^° C^ 

<< ftilUol) p m u ,11 ^j-* 'j^-^ 2"*^ £fl $ fl J * 'P fl **° • '(j I min JjO m" «Ua-ujl^j 

<(£jj_flj ^jp m f> ^-i (jnfll \"\ II ^-jl^J (-i ^ < J ^e-^ (£,>^' *> 1S r n A <LaJ 

jj-aJ S^Li (j^i3 J oj^j jij -(^J^l) <j-W c£ JP " tn &>V (^-^ 

n-jLLj J (j nuj (iaj^JaJ 6^>a-uaJ t-l 1 <i J V J^iJI (J^J .<-C j fl ^ n I U 6jLt-^ 
J_ju»I^_» fljjLj plAJUl ^JJ * 1 °^ *' * ^ . <Lfc j n ^ o II A *\ I ir^ n I (j-aLaJI <SjJ_uj 

<_£jJI 6L^JiVL» f- jjJI jij) U"m f «i -Nj*i\ILjj .f- jjJI {j£. <jLaj dJ»i (2^ lj?***" ^j 

Ljj^JjjJI ^j .(jJjIjIjVI j ft J U t\ II rs-uul!l Lf ^.j-s" mnl ^ n-^ll ^ijlll 6J0r^ 

c ^ J i JUiA j pliliVI (/\ ^group selection s^^^l ^LSiil jLi f <!u^ II <jj>LJI 

P-LSjjVI ^1 j J mu J j j) ln" ^JLll t<LijjU" II CjLcJhJI g-i o^ (j[ ^5 ffjAft^l (5j)" mi o 
^j .(j A^-sl (Jjj h i a j frlJaljV j -%j"*t ^1 Jjj-a^il SjLt l(| ti»"t o^-<u tfJjjVI jjaJ 

jj^j Mi f«-ujiJI frlil^U i^aUJI 5JUJI ^'iVt i ii 'i LLjI LlU sg> l J iil IjLi ( iLilaJ| 

jlt mil ^jl f- Uli V ^J^J V tl J*\ A j :5^>-ojJI r^jj-i^j jLiij ol flj*\" I 6JOa-ft <J1«V 
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1 1 Aji LiAj (Animalia pljj^ 11 4<Un o^lil <Ijjj£ ^^lcl ^gj" uu ^j <<KpJlj 

L$_aj£jJ c ^£. ^ialll ^aSj ^^^ Jf* cr^ LS"^"* ^^ nrt " U^ 'U -0 C"^ <^° "^tii ^ 

fi ^ $ ■$ 

<}L13 ^ULJI Uj) IjU (JjVI ld^ ^4-0 JjIlJlj JjUJI ^ J^>iJI ^V < f <p M j?J 

(j-d (jV «^J-jJI J .**** . mo ^ Jji 0>a L*_Lfl ^Sj-J ( - >J ^ J f^ji (jJl J^c^ l-^Li 

<Lol(l ml LLa> tJjLLi ^jjfLij ^IS-oVI jjJi (j 1 1 ml Tt n I) ^j- j^- 1 ^ A>^J SjLc J_*AaVI 

jjli Jft'^j Mammalia *Ij5VI oIjj ^Lua <jj .ULuAn IjjU ol?^ 6' ^L-^-i 

<dJj£ J» Ml j^j aJj Ujju Lil^i^ aL*JJI aSjL* tjl£ lj| £1^ JfcS ^1 MjJI J51 

t tr JJ - llu5 ^ £lj^ J^ JSL. J <Uj^j . LK 4^K JfTu 3,1 ^ 
" * ■* ** ^ « * 

lljLi <J>flJI ^>£. aJ-UI ^ Vj^J ^n^l t ftjl aLaJiVlj Li^>jaJi Ijlj -LjlJ>5j JjLjlj-o 



9 



iij^^Ll^j-ol O nnlj ^jLjlaJI <jjjlal^ial O^Ij-o-o I g Vs I fSjJLk Ciljill .IjJLL (jki^t? 

atljiJ») E jJ>JI DNA liaJI ^ijl I4I. ^ii ^ill oLS^JI jl .i^JI ol^KJI 

J N mi" V 1 n I 1 n LqL&j (UljIJ 4_i_a. J- lC ' (2 J i/->^ II ^-fl I (] nijiA'i i k /j-lJI ((«— >lj-»jpJI 

(Ll^I IjJlA ^ujJ '<ai^ J^ (^-8 LjaJJ t^KJI J n< n II j_Aj (^^-iJI ajm^JI Jij 
meOtiC ■ a ^ *^ ^ II aLuiJLjVI jLaJil SjLc[ u n ni"t j j i * C ^ j j j> j j « Uoj <gV 

^j^kl j^ <^?^ o^l*"* "'j £^ t ^ calaJI J_xuLxiJI v^lI^j Looit (recombination 
: <jj~ *"« o*- Lj>" lniJ .(L^»j1 <jlLuJI AiA *ui ^tifllv; ££j_ll 2 J^u^.411 ^iajl) 

^jS3 ^jl J a" -s j < G-j-aJl .Ijl ml 'm Uj txu UjJl J^a j j < A ia^j^ii yp-Aj <<Jjl^JI (jjl 
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Jj SpUjjVI Sj^j ^ jjjut ajj* Jjb . llUf. ^jL <ui ujL^; V Vj^j; <jli 
Adaptation and natural tf «>;Ui pUluVIj &j<" II <uilj-Lc ^Ul >< "< h 
iiiaJI jL^I < T »>j <jI G. Williams >oLl>j jtjlh^ £L^e <selection (1966) 

JLi^al <j-a 'J^^ lj*A£- f^J^J (jl J n" a j <4j-ojjj-ojj£ AjLo ^j-6 *>?* (jjl I o 4 i <*ijj 

The <^UVI <1±A II jjo itill ^l^JI (jij -&*jjkll pIUj^U Sa^j ^Ll* ^jIH 
R. >i£jj jjl m*" j j Jjj^ <<i<t <jl-oU^j jjl j j ^ II iJLc <t r t *s ^jJI selfish gene 
(A j uiL5 ii-ij_Lj a j *s 4 II 6j-A c-Uj-aJI jjJa <(1 941 *Lc jjJj-eJI) Dawkins 

(£jjjaJI Aliklll ^ j ih" i j <£jLVI LflJj^uaj ui m\ «4'm^ II <jl <-*^ t K mm mlj 

.jSlfiJL l^SlL ^k JaiLJJij biosystem 
a-jlujjj <«Glj i o m «<G^.3j-a-xII ilLaJI ^-i <j <m j a I * II (jl «LoiiLoJI ^-A ojSj 

( —fl «LCjjJI AJ-A 5-»jj J)S n tj .J-tj^" II ^yic-l CiLtj" ui n jLaicl JJj>» U^ *^' 7* ° 
,6LaJlVI Ij-A vyi 4-i j-Aj^. AjJaA j-A pLSuJVI Sil?kj I (} i ""\J^ *> m "V 'l Ah.!^" 4jl a*j 

^j" Lio ^j! J £»»*^j ^tj^UII pLaiiVI <jl c£-* Dawkins y&jj <jM '«i^Aj 

iiiliVI 4\»->H 4lni"tMn pUj £jJI ^IUI jo»jj << m-> II jJ^j <pL-£VI ^j^ I 

tjjj J*S Ml" <JL£.ljJI J^ «I M> U .Uj!iH3 J^jH (^L* ^HftJ <Jj£JI li^ ^jl) 

J_*Ai1 <jV *l o"^*j * £-* u^-°V j^ * Li^llJ *^jjfcLtJI I o U n 'i j «LapLcj ^j 

.jjKmiii <lxaJI o^ -£jP^ I Vfo i^jVI 

n' 

jj-aj <<Q-i-aJI ^j- 1^^?^-* >^> c>"^ J~*J *pLLLjiU (jJJl (^ j" m i n <Lo_»j 
Ja-alll olj iojiauJI enCOdeS J-a^j <ln^ll Jjjik jj^t ^L=k oi^J o! J-ala^JI 



O^Li 3 1 "t II jl <Aj i o ri H 4JLoarfj jl <a iti ^ II J S mi qJZ. <Laj I H n II J_i-d (^jJbLlaJI 
6JJ1A9J4 V>J (S^^>^ O^ *'"7 ^ .i^ifill f-Ujjl AJ-N i^"l I <-«jMJI ijAjJjj^jiJI 

cL*lll strands 9^ u 4 metabolism (o-^VI) v ^LLLujVI oljlnf g m m Ujic 
,<^Jl ^.j .JLUI Jo^ll Jlj J^li J$ Jl ^ UjlkJI ^uUI j,1 j££j 
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*» ^ S» 5» 

^Jt L^jIIj SjLcJ ^t^j i^L^iiJI <jjoJI (jV <SjJLL ci mm J iLjL^ffl L^Li^ l^-Lua^j 
iufo~ ^j tj\i*ii\ (jjh LijJI ^ encoded S^>j-o «UjJjlaJI <jj£ <LJL*.j .aIjjJI 

^^lc iij-LaJI ^ J^H LljLi «pLLLj^I Sd^j ?\j>JI jni't L>J-ix,j .(^uUul V 

3j3^" ^ Ulll ^ jtl^UI 4JLH0 ^jLi IjJ <disponsable JU«"nnVI jaj j\>LlJ 

<j£jaJI .Jl ft»*t imVI *Uj r^ 3 ^ S.!*-* (^Aj <<liaJI L^j^j (^jJI <Lajiji-alJ ^Ljji 
^1 Sj^aJI CiLojJjlaII ^ Jj (i^Lj^l 4m^II Cwnjl SL^JJ <-AJLJaJI SJUJI 

LapLCj a uo ( j i jSL»j <l A J i nn" jJ& UjLli <jj^-» li 1^ ^pLLLJ^U 4-aj1 (| 'i II 6Jl^.jJI 

j3-aj 3f>^ l*^ jfj t A uli jj£ SjLoJI ojjaj Loolt (^aJI aJIjJI jjj jU 
os>U Ted Queen pIj-o^. 5ila ^^ Li^j .<_LS^Lj V ^ill LajI^j; ILjJ^j 

^i 4_L2JI CiUjISjI Oj-*Aj Lodlt jjj <^ LoOJIj *^£jJlj <j rAi^'oll I Vi'j'N C£J>" imo 
6Jj^jjo (£j^I 4-ia. CiLjjIS ,-Jj Lfl-J j 1 'n II JjS n t 2 SjlSjl-o Coj_bua j->j-aj JJjjis 

<jj-ciuJI <L-=JI cjUsKJI ^jn% -^lj^j <<*J fj>^^ iilli cJii jU -I a y***" j U-L^ 



j^i ^a ^^jtkll pULuMJ VUjI cl n r., II j$£\ ^a^l jl .sex „'. ? II ^1 

2 Ojl>> uj r> <Loj ^jl d-u . S jaAXa.ll c-fljjIkJJ «Uljj^lu <_»L^jLluIj 4 t'u ^ ijjij-a f'^JJjl 

.LAjljj[ ^o Jj 
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d^ <cAsLi!l j^j j-jLi parthenogenesis ^ji*JI jJIjilU .<Gjjj LoL^ Laj-o1 
^i Lil 3> ,n dJ5j .parthenocarpy ^UJIiUl jLaiVI <j^LL 4^j L5 i£, u o mj 

Jj-o <^£^J «UuLui CjUljbj <iLi-o[ ^jSoj (j^J *r"^l LXj^ J j0 ^ u^ 1 ^JJJi P-l-*bil^JI 

c^lj^JI ^isjtj ^5l£^j .(Alchemilla) ol,\j mil ^U»nj (Rubus) jJ * II ^lS 
u ,iWll <> A/ew l/Vor/d //zarafe jj^JI (JUJI cJjU i» U^il ^j <lj i.m^V 
^LaIIIj tLacerta u «n^ll <> ^^ill ^JUJI oljU .nj <Cnemidophorus ^m J 
Ijj* .Typhlopidae £L uai ^ Ramphotyphlolps braminus ^ n m n II ^^o^VI 
.dJj J^i^f, AJ^ill j p» H oIjlj^Ij (^^>j <1j ■ "**-> V >»l£u ^^U^ 4>^j *^J 

(Lj^^Sj 4jjLj <£.LtaJI JJaJ /^J •vt*L^l >^^l t-LuAlllj «JJ^J I o ^ i<V» <*Jf^ *^?J^ 
j^k^/lj ^^J La-AJ-^l A j j o (jjj-»l ^-^ pl \"" mu (j^HJ - *^ ^J 1 ^ J* J-*' fcf fti > jLfl 
Ij hi'i^V SjVjJl I fl"fl U "t iiiLj ^jIj '^jijl ^j-i Sj-ila ij^-^- (jVl c ^<a - >3-LlJ • Lf J-jl 

sL-JI jai j^p^, ^atj m< <jjaJI Sj.lK <jjj i^ .mm n. <^>k1 Sj-aj .asexually 
Lajb^Ki (^Vl clones JjLI^ Lpj^ ^1 t>i^ «fijill 6jj& ^ .1^ «j^il ^^ 

^^li! olij Ij^j *oLj)fl JJ£. <j-° JjJ>J Ij-Aj <lfjJ£- J-IIjill LaJ&llK L^jiajj "cr"' 
lijfc) L ui\*y di\j^J (jli\ KJJ^ lP-« <-J_>*UI Cy* JJjJI J^-fiJ Lf nM^V ^L*j^ 

dAji f(»L^II jaj jljj! p-LMI <jj^j Lo LaJLc, <gV '^iaJLj Ja^U Jali ^Ijlil 

J mV^MJ 6jla o <bJI ^plc uilai II jililll *^iljluj <JJa ft Ij^. jn'^ II <LHli 
oLaj-JUJ^-djijSjl JJlC c2 J t^a-flJI _J ^j^_uj LoS ti Q '^" * cli i^h «RIBIOSIS > fl ^**^il 

sperms ^LLlJlj ^gametes ^j-tVI) germ-line ^^I^^JI L_^ Li^LL ^ 
^^Jh L» <{jjl .rr j5l"JI a i r, <jj m^ II LaL^Lk j^c ^1 jLaj I o *i< I «/^..iAjJIj 
<jSfl 6iA Jv> ki ^Jl ^jj: ^lll LsI^'im»! iJLiJI 6jli\ olj i^ULUVI Lji ukJI 

CjI, ft mil JjJjlj <JL-aj|^j CjLJVI jJ)UTu jlt"i t (^jl-C. ^lA P-^c-^ ^-^-Jf *^ ^SjiauaJI 
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.<UAij <Li-nn V /<-^JI (jjl^U W^J^ lt*J <l«Aa* ^A* *^^-° AJ^J Ch* ^ *^ 

ejjJI ,(2000-1936) W. Hamilton ^^iLU r Uj L^Jj^JI jJU ^l 

11-6 /jjj'ijjjl^tl a U c) gj^jl I ^ i tij^ R. Dawkins >i^jj j J ^jj 6j\~*j 

.parasites oLLAkJU ^LiaVI jjx£ c j^iLoLa <jl£ .StiKJI jj^ «Gt {J* <uejj' J 

<jl (^LjjI <L»j^LaJLj <~\ \\ tr\ 4 -^ \ j 'i <L-*^j-o £>-* ' CrfJ-' -''-"* 0^*^-1 V^Ai Lr^J 

# •" 

5-u4jji ^Kll ^l£ ^1 coLLikJl Jj^uj J,l <> £-aJI (jSKII jS-aj O^M 

S* «* S' >-^ j ' * 4 

(j-a 1 nal 2> j uu>j_lij Lc^ <— i LLxI_> *^k ji jj) o3 I j j *~ II 4j>ljj-lu A \ \ s j-fl^ 
(jn il t" II Ql -uab |J I /^ICLaJI J il^" II ^J .gii't-% II LAj_flj_t ^jlS ie^" <^jl *%*i i"2> 

(Saili jijhj (Jm'i-^II <j! utf^ <SjjLJI <— jj^JI J^-i. Jj<aJI ciljjLlo <t j n n ^aJI 

.J^jLlu ■ * i ■■■^" ^JJ jLc jja A m ai 'l U r> \ II (jj^ LaJ1£. (£j^ &J-* r-M^" J-fi 
<jSLI <3 J ^ *^J L*^ ^ JJ " ' H l>° Lj>" j-fljj u 1 1 " 1 ? H ol-^ f (5J-^' Jj^VJ 

lj| <dLlj £_g SjljLsJI ? o j j r 4-jj j ^ o II cJjj i n II .L^-jjjAj \W\ jJ JjLlJI 

SajUJI AJd^ UJ^ O"* 1 ? 1 H (j^ <£\ '^£33^ j^ I "i^J Jl -% n II jjllJI Cta Tm4 

.£3jLuj «U^jIjILujI ^1 6J > ^3lJI (j-o VdJ Sjjd^. <L^aj|jj_juj| ^KaUU jjjL |j[ 

s -* *' 

aJa ^1 j lAjjaJj 1 j ll \\\ («jJt-uaJI ^j-6 q| dlJj <L^-ii I \? J ^' ° 4-jj H \ II 6JJb JJalaj 

Liu ^l oUal t>o Vaj (jn'i-sll a^j" .n" ^jlJI *^USfl jj,A^"t J^-ujVI (^o 

4-»U" mi! ^f L n,\ ? >5li^ ^Lll 0Uj n^ a II ^1 h j! . At-a II J-*U«J L4I* 

S, \j 4 n II cJj iUW ^U Ij^aj .jJIjlJI <jjJxJI cA^j^-y n H ^ *fc,yN ^ o^LajLlLI 

M n *i j j Jj <LiJ«luLjj SJ>j-o «-Iajj <6d:^ Cf^" 0^>^' (l^ -0 *J^ L5"^ UJJ-aJl ^jl JjS n i 
(^S-aj Sj-ft-kJI (jl (^1 <(£J^ SjJJa Sj-Lla vlt ^5 1 "t ^? V? J <t£jJ-*-H dJl^lJI j^Jj 
CjLc j) n 'y n H __fl J mi I mm ILt (j^-J yd 4 '■'**^ II ol ^^ o-^-aJI ^_fl ^jI^jJLi I ^j ijj a 

facebook. com/ketabme 



(j.i^J back-mutation <j m<f, Sj^Lj *jjj^-> V[ ?n .** SjiJa <j-o 4 r»s\ J^^j 
sexual dimorphism cr ^A ? JI Ji-iJI ^Ijjjl <jl .J-ai^> j^ p^ IJuj <4y->H 

<LuoLk_>j A in>l jt uaIjJI Jfl m fpjjJI (J^iAj <j-° liUVIj jj)S, \ 1 1 i i\W f\\\ j^JbudH 

^Jokl ^ ^(jjlLLA (jU t JUJI JfJ-ui ^yl^-J -LaJI^- j£UI jf^J ^pJI <i>txLJI ^AlknJI 
't 

JjLLc J-ioJI liLi-t-o C)lj)Juft VI ^kil V 5jjjialJI CjVUIjVI f k» a J .CiLl^aJlj 

«LijJfc^aJI <laJLlJLfl <dlJj a-oj S A~A \jy £-o du ISMc «U iju^i Vf^" ^ * L J *> £->* 
<1^JI CiLjKJI IjiiU^i jjl .li^j ^^iJI oLfll m o II <jLui «OLi < U ii\-^ll J^al (jl ^ 

1 , X A A lj_tu J'J)^ ^^ Q *Q-v"l 



.^Lxi <$j.^,.jaII (j-ajVI (^J u^AJlIJ <C*S>aJi i^uijVI LHjS (jU jJ*-&]\ ^a li^LLilj 

.^^laJI Sj^JI t, 4 i^\ jji J^>^ Cul^ LoOlc L^J Ci *ssj*Z ^i\ JajJL^aJI 

- s 

(]g\ mi \VI SjljJ-jlu <Lj_5-ji^_flVI (j-^jVI Ci il ^ f 4 'i ih ^jjj I n 20 j^h "t J-J-ij 

(j^j^J (jl Jj V J .jj-ijVI CtSj^JI j>lJ .<UjI^j-ujJ CiIjIaj 1^ iqjX. jljj-al ^jlC SUaA-oj 
^\-\ a ^Lfljjl d>dA,l LaJjl£ <<I^u ^jfJ-° ^ ^aJi Jjl5 JJ^" it^^Lxj C>1dJ ±k 
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^1 <iklJI ^ cj^Zj^i ^1 lava £±j}U! j» 1 ;> II ^ <jLi^> jLLLo <jijSU 

'■ "'l LaJl^o <A-fi3j-fiJI ^-jualjVI 6J-A cJS A jJLl .Li_ij_ij!j 1 M if. ^Vl I fl * ^ "■' 

CjjL^-jI <l(j L*J 5 J) -^ fl 11 O» in"l LaJjX.j .1^ \c. J*"jJ Cijl^ Ifl*»^" ^^iJI <j*3jVI <jV 

Great pjk« II p j-uJI t£jlj ^aj <^L>jLj iSjnr. Lcj-i-a jJjjJ ifcijj-aJI ^^ialjVI 
(jJI V>j-aj ^Lajj^I ujji <<!Ljj^ II j : i_i-ojlj-o (j-o ^Vl jj-aj (^jJI «Rift Valley 

IjjLlu iJ^Jl I* tJ'fr <Jj\nJI <Lxijj-ajl ^a^lj^fl 6J-Aj .Lij^jj-u ,JI a_» j-a^.VI J^^J' 

JjVI <j^*jVI j-fi^Jj «6j-» 13 ft I jl ^ ml (£ j) •% "t 4 ■> i?ij) (M < ft L tojl n \ in" 1 Lj_^_jjJ-j 

* «- -'' s ^ 

^V (jUii^uiVIj ■ a! ■-<" -^ I ^j"«~ <aJ ihImII <J>JI cxlll Jj <u-aI h /s" m.^U 

iiJLi^laJI j^\j^ II ^i£. Sj-% (j II jJjC jjU ^±L ^l£ <J^JI CjI mK II jj-a '^lj LcjJJ 

.Sjj^a^a ipJI oUjlill Cwl£ IJ^Aj .oLiil (^lll 

<jVI lj^Lt-<a <cjjj(jj^. ^fl cj~° J ^'u (J^jjSj 2 LoJlLc <j m t II ^Lfl <dLlj A-^J 
Jlj^Jl <_l^S^jLjj < j i uj-flJJ)j j i n m^h II a (j "i t m iri IJ <a |1^ i % _ S j ^S Q" 1L> pj A ** l (| * 
a.Loj[ jjfc ^-L Loj .ljbj_iii pLSjV jl^jJ|j| JLa-c[ p '-' a ^ IjnU" ^JJI *P^-i j U i ^ n H 

.4-aJfloll 6JL4 <jJI LjJLuajt LJ 
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2ji*&ll 

<*>L^&J9^JI 4JLLLC 




oljj/^aJl j^J (JlM^J ■IJ^>?" Lf J* 1 *<*Ll (j A^JtLoj OiiaJuft £l^aJ! wtilj^ fef^£ Ul 



S * f * ^^£ 

idi IjjjLi^ lj ~k» ^ j/**_| tj^lj 'Ljj>^* UJf4f^ ^^ L*^I^aj j-Lj ^joJI 

* _ * 

_ Uij jyj 4_ujJJ Lajlj S^j-mi <a\\ (e-Aj - t /iJja ,'tLtt Mg JjLSJ <ajJs jJt 

•V 1 * ***- «■** ( jj- J -*-LH 4-lji TT-^- 1 - 1 J d i ' a» ^jj ■ 1 ■ j-" 4-ljj jJl ^ -'"l' f 'lj ^ '■<> O* 

I* 

Al j^ J UL-JJ SUaJJ LjLLll 4i>iUIL fJi Lul ^J| j^iu JL^I IJU ^i 

.Juli 

IjilSi *j^1j w-^ftl^ cl \\~ M<L L^jj *aj^i^I*.jij ufJj'^ t*J -^^ *—0*j uH^ 



. J*aiJ1 Ijj <***j^ jLj^iLi^liJ U-jjl£l ^J JkJ>^lJi *%* Cuili (#) 
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blending ^jUiJI ijljill <A oi^JI elJJ ^ iJ^^ <jT j5£! c*il£j .iJjlJI 
.<jjjjVI cA-Lu» [j-o ^-^j-* J °m *% Jl cAi-i-3 <jJ oj^j ^jLp j-*j (inheritance 

iZ»\ \&\ II Jfi- a-jj-lJI i. 1 1 1" II i_.u Hit ^^JLajlLJI pUjjVI *£.JJ V (5*HI <£jL&lII Ij-Aj 
aL*JI Jj) J ^ II JJ-ULJJ (jJJjl^ P'» J' (jA^hJ >— fi 4-U^ ** > ^ A,.! A "l <(M <jL£ cSj-Aj-ai II 
J t^i^ ji£ f(Jjl uiftJI J-^J 4 >1 m .-i LAjIj (jl^ (£jJI <(j^ijjUojr> nijl La| .<&ijlVn 

Afitoll J-^ (J ' * A ^ " l' J "' fl 4-J-Jl— 1 &J-4 J'' * IjLjkj '«»■ lol ^ II i—JM) ^i II ' f 

;j", j '"jf lj-^ *f '"^ p-I (Ari * \ a~\ j_fi ^j-ujj ajJI jlS L&lfi . <_jj_^JL3L> 

<jl£j .<e3^ Sjbo^K ^Sfl ji^ A , tVi . « i j JI^j V ^r> >aj <^l Jl 551 jjl 

i -* ^ 

i *j J ^st-i^Jl aJu <<L»_aLa gjl JjlC <r j" n i Via La J ,-aaJI jji't \ (JhJmI Ujki mjl 

.AjliJI J^l Jl SlaaJ 

—1822) J j-Lo jjjLjj-c (*_j-LJLj ((jLii r-Lj-LcJLj d u±A ^aJI ujj&IjJI L»! 

^ <-tj>o ^i (>_^.iLfl 4-UL«J o 1 -^^^ j>J>*JI «Gregor Mendel (1884 

LoaJ cJLaJl <jjLuj-ajJI I >j-iij "■ j-i <jlLLLo (c-^J 'L^iljJ- ^yll. ft m i 1 1— flj^J-Jj W a 
fjj^olaal <Jdlo dJlj O^J .lj*Sji ml 4jjj^ a 71 .1 £*jLj <jVI ^^-Aj L^Lfl^L^j^j ,tn t OJfcJ 
6^§_a-o (_![ <£.jJ-aJI (j^lajl f L» .cAojJI A-Lc J <G-^dt-oj ^jLia. ^^-Lfll Ij jl n-a LcjIjjs 

<LuUjX6 L-l OLUJI A U I 4jLx^. ^yuj\\ ilt (^JJI <Jjl AjJjtjJ A^-LUjJI JjJ-LiiJ, ^0 j N o"jj 

Jjla aW Jjla.jJI J n 1 11 11 jl^J . jIaJji tg£ <J»-oLaJI ^ tJJj ^AXjj <^JJJJ < **j J ^ J 

<-^ '£xx>t lt^ l >*V^"'^ J^^ (j"L*jJ 6^ J^ a cr'i J^^' *- &Krt ^£ l fijl^3 J^J 

S^oia^ Lf^J ' "47 aLc LjJbLS /; ft mj f^jaj ml ll^a 4 iM ill ^jjuj ^-fi ijjJU^L a-uj) J^"! 
AjJ^IslI ^JiL Jnt 1 m (^ill «CljjJL» {jtfoLaJl JUjuujjJI J m^ II A U I A 1 «1 4*1 j t 1 A *% 1 1 
fLtujXa ff>ir>t ^-^ ol i iALjjJIj ajJjuI 4_aajIjJJ 1 "1 j j 4 ^Jl J-^jl «(^^-^ cJij ^^ 

(jj"^ mi jjlj jLxi (pLl^VI a I f, L _i Luoj *^^j <<< 4 ti <A cUl^ dLlA «cLmljj j^J 

.(1868 aU) <J LuSj C y^\ ^j^j Jl 

ctlflll U^ ^%kJ±i Lo^jV f^Ajl-tVi ml SjiU UJaJ £jUl aIj ^<jjj^1)Lj Ijj^^Lo «^jlalll jjSLilll ^1 (1) 
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<dJj JS ^ f-AVIj - uij jJI iijJLAj 4j uji U II AjiaJlj itljJjJI *jy ut\\ «Ljjlj '"Hj 
<Ui <jt^ ^ill C*5jJI ^ji L^>ftJ (£^ «^H^- £-"^1 CA->^" CjIju mn^ ^ .Ij'iI'i luj ^l^ 
jjj| j5j .«CLflj JJLJ Sj^-jlu <JJ-Liifl ^pjJI CjLujIjJJLj JdJ-o IjJ <6jLSi[f j in mj (jJJjlj 
(jl Jjuj _. S^Li O t^yj <c-*-" J^l inrt II J^o JJ-C <LjJX.I i i i. o J-aX. jl 4 J n f . <JLju3 Jja 

Ronald (1962-1890) jj^jj j-JJ JLijj jlolJI CI Js> Jlj *l ,^Vl fJLc ^^» 
kj^ ,t, o <jl£ J- 1 - 1 - U-*^ lH- 11 ^j^ 1 <jf < 1936 f 1 -^ 1 tr* <Aylmer Fisher 

IjLo 4J ti^h aJjlj J*AJ-a ^jlS IjJ Lo Jj^. ^J^-l (Jjl <-u. ft LlAjI Cj^jJa j5j tLfcj-oU 
I 't I (j ^ <j-o di^Ti «CljLaJiJ ^1 Cm n m t _ f jJI SjjJa-ui^fl CjjI£ lj| Loj t J * h\ ^iS 
iljLa-a J*AJ-a JLa£.| jJh^^. ^jlS «diljJ .<JjXbOJ jL^J <jijJLA £y0 V fr^-i^a^AjLj 

SjjLuJI jt^'Jl d^ ^j £-^ <j»-fllj o^j «dj^l ^Jl o-° ^^ u J ? d "* ^ ^L*^ (N-* 
Lc-Ijj! «<LlL4-<JI Jjj-s II» jl m r. L <oj > d " II o-* t m 'i" Sjja^. Lc-lj-tf (jlj dljil 

^-i _ <u_iiii ^£. („i mn jj^Jftj <4 *5j*S*\ II i jl 'lc-^J - ^-iL^i 2^"^ J*iJ-« f^^ 
^^ic ejjLaJ»» l^i ^i^j cjj-loj j5j .1865 aLc ^j-* (j^jLo/jIjl 8 j jjI^jJ / iaLj-ii 

njLlj JjbLaJl (SJ^ ^J .1866 ^.LaJI ^jJ «Lajl-oj^JI j iA^> n ^—fl «<U"K* II A,^ j ti 

^j-lr. j^t cjLj >Jj <1881 aIaJI ^ j_*iij Jl i^o jj^Lail A \\~\ «L *LoLaj <SI ^ J 
iLAi JIaj Lfjlj dljjl S^klJI q£. ^U l^iALJi J*Jj .1900 J-c ^"^ La^j 

(jjij (jl 0^? *j' J ^ J*^-° ^-fll^=>^l o[ AJ 'Ujt^fl"^ ^yllalaJI tjojLuuVI o*>j£- ^ 
£jA Ipjlf, J-uaa. ^^jJI <Jj>fJI <AJJljJI £jA ?j .^'N mil «LLl *UaA. ^lt I <Aj1 lj-*ij-o 
jLjJb <a-A CjLajJI frl nlr ^j-o <jMj ■ a ■»"<! (J^-V C l£j ^-flj .OL*^. Jl^ia <-LaX. 

Cari Erich Correns ^j^ djJ Jjl^j «I^UjJb ^i Hugo de Vries ^^ija 
j^i Erich Tshermak von Seysenigg :y»-.j... ^jji JLjJ^ djjlj <LiLJl ^ 
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<4>il (j' ***** < u u ^J s ^ CjIpLcjI <jla-lu ^ j U I" I <LLo iljLawO ,^-fl Jjlj-o JaC 5jjJjJ 

4Jl fti*i ml ^jlj tj_>^ »^u (g\ l^j-o g**" 1 J *2 ** "'J * 4-L-<a-!l jj-fj Cr^ **-*lj «CiLiajI 
pLxa.VI pLoJaJ I t\ (j \t\ <jli _ «LaJJJi ml 4£dJI tij m j H wl m^ II ^^^ - plj «AUjJJ 

<jl a o 't o ^1 J<a"nj ^jl (jjJ <«* iij^ ^jjoju <Uj| IjjILij <1aC pLi^I ljjlx.| g-ij mj m* 

.Glj^l iJL LSjSj LLLujI iajSj3 JL^VI ajj* 



«i? 



6J-A «La-o-AI (jl V| <j m f * luLI II (J>SJI ^j-S <t-iL&£.Lj aI_S Jj-i^ J £-j&J 

" i? „ 

^>kil) <3UJI jvf^li iili^L j^LS LJloi .(jjj^dJI j^iJI ^ VI £-^11 (J JL^VI 

^^.jLaUI dijIjlJI ij^i jL^I ^1 (jgral ^ill JJJI ^i^p o 1 ^ O^l o^ 6^' 

Jjl-a u (/-, <q|j|*i ih ^jLoj Jl^t>^9 .Ajjflio Cjlui^wj ^—fl J-SLU A-pIj^l CiLo^^i^aJI ^jl 

{y* La*, diol ^l (Psium sativum) pVjLJI <1a1 (^ <uLlilj <uU1aI J^ll 

(-A CiLa-uJI AJlA (j£J^.J .L^-i (^J^» LT^ cliLujIjjJj «Ujli-o I g It^l 4 Ls\.~% II CjI a mil 
gt^ g * 1 t \ mJ J g mil (j-A jjjua-i lj_Aj <Lo LC^J-i 4— <^=>LL I ^ titi\ ZjJh^jM A j *l i ^jj 
^Jaj «illia ul\ <sLlcAj .<AjjJqJI ^ ^*A^ La^ *^*'^ (j' J ^^" l-H^^P J^ 6j"":'* A 

^L!Lo 4j-%jjaJ1 L^-SIjjI jl i h "*N " fi :<Lcj\" n II ^^iM ts>\ II ^ Ij^a pVjLJI «LLaj 
«Tiu'l J s mi j <plji^uo jl pIj rA^ ojl>^ <«-* j> ft "*\y <j4 i/^l jl j <r>^l L^-i-o ^-L^ljJI 

^ ^ g »* «* 

cjLj-j-uVI ci M n La-tjj tciij (j-* j-^lj •l-2 | j- 3L - I j a j i jjl LIj-^-jj Ijj r^3 (jj^j 
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,_H *r I " ^ " V j fj^iJI <£.L jj£. Sj-lAj jLl-ujL» S^ijILo v-ul^ L$J ,-A f<UAjJ^ II 

m 'j? ? 

<La*^j Uo^ o^J fJ JjI^oJI (j-fl Lft^lalo ^! pVjLJI ^i SjUA.^11 <jJL*JIj .^uLjj 

.(1-2 JiAJI ^bil) jfoll pLijl <LuoeJl 




.<Jlx&aJI LljjjLaJI jLaJL) jJjJI ^ tU p^-b-ftj ikjjjjj ,4jjiijjJl <Ua.LJJ| ^o <iSj "" pVjIjJI (j^l ■ J ""^ 



<i 



"f^ n Ldj)j| 4JLijJl CjLjLlj (j i -^ (j J Lg_i nlli ^lll 4JLijJaJLi Jj-Let j t m 
^jj-II (^ f\J-^ U£rS*' Uj"** "«'l J^-^J .«Ua^ jL&jI ^j-fl jTt uio <G£J J^a.j-6 «01 
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cijI^ <plj-L^aJI pVjLJI *_a pIj ts>\ II p-VjLJI ^ j ^ 3 "i j *L3 Lojlt «JULaJI Jj i .■> 

P2 JLj <_j^j-^. f- LjjI ijjLi JjLS <jnf t *_a Lfl iA* i ujn II 6JLA <j j ^ (j j jxj Lofcilc. 

aii <«t ■(> agil ^fi-oj (j-a-oLt J*s hmj .pIj <A^ I o » \jj pl^ij-o F2 ^LUI Jj^-II 

i^j-lluJIj tfj3Lo_« Li j^-*o ^J OJfl *"*'' ^J-l uaVI pIj r A -n .11 pVjLaJI cjjj-a* CjJLC 
Ij^la-a ol3l t 't 1 1 ^IjJI g-fl LjJI a-j <j j ^ (j " IL Jj-Lo aU LoJ-lc 'Lfl-jlj «UJJjlJI 

. I $ j I f ■ J tr\~% ^l}\ n-jLllJI ^ ^L-i-oJI JJ-aJI ^Lcul ^j-1^- 4 j n\ ^i Jda-o ^^jj 
jj-uiillj .«lLj^loj <UJJ£. i,i m "n oljjAJ^Lo ^l Ojt-3 <JjLa>J <jl «tiiA^ JjVI *^jJ^ U^J 

«LLtLa-o 5jjAi-o Cilj-a.j 4>^J U^ L°^Lj o^ (^i-* *=-lj-fl-*^J P-lj «A-s pVjLj) «U > <"il -s 
iLLill S.^AlaJI CjLjLSJI ^^it Jj-J «j tr>\c,)) rr\\n <«">a JjJ-* aJ^mh! Jj8j .oLill ^ 
ia^lll ij\ «(^.jLkJI ^Ja-oJI 4 m fll la Jj£. <itlLJI «oLLuzJI» ^ LaJf (jl^J *t±UjjllJ 

^^ic Sj>£!j-* <^^^j «cWwlLujI ^hun c^l^j .oLUJ .phenotype ^jj^UlII 
61a jjj ^J| j nt\ \ a <-=^>j aI j"*iVI j^j jJj <it^.iLa-LI iLLSJI ol A «jJI 6J-A 

■s 

Li-aJLt aj-JI *— Sj-*l2 I Q **^ I <<AJ1^ * pl a ml oLjL^JI 6JJfc oia.1 Cj-ijJI dJj «Haj 
I j -s jJj-J t H ^JLc 1909 aLc <L^^L5l «J_L-ua-a J-Aj <olijj-aJI jt CjI 't j ^ II (»-tuLj 

<Lf it1 <JLjj .Wilhelm Ludvig Johansen ^U^j dLij^J ^Iq Lj ^j-aJUI 

<Jjj m nJI ' * 1 0$ i/j_>_X-a ^jJbUa ja^lt ^£. 4Jjj '"^» Cil *n % 1 1 4-aJlA-aJl jjiaJl ^ a h"i 

81 tf ' 

plj-^iJI pVjLJI jil>i3 ^a< *j .alleles o^LJVI *pVjLJI ij^ ^ j^c illa 

4$ i«^i Jixljjl TTJ^h' L^^* , '" 1 J' % >* 'E, j3' LT® ^?"J^ - <—*.*' > ^ 'l ftJJo-uawaJI £jJla±^J m a 
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,_.! -^^yi >*-.* ^ j Lojj-tj .ol *ij^ II xaJI ^jlc (oLjLiUl ^ ^LLLIIj ol^jiJIj 
<LajIj iiif *^jijVlj ^^aJI ^LujjjaJI ^-aJ^j «(cAjLaHI ^ ^x5ilJI j? jj tf*ill) 

dljjL IhIajj <recessive <_JLki-o j! dominant SjjLuj oLL^a l$-iL ^j^iLI 

# ? ^ * 

JjJI (ji>^5l UI *JJ*U • CjI m 'n II jj-lc. I ts\j\ J) ilVij j jj rt" I I liA ^j| tJ-iJJJ <j' J^J^ 6 

J-Jl (^Ic JjLlu pIj_L^cJI pVjUI Jf-fi (j\ JxLa yjLaJi O>0-la1 <JL!LoJI Jj t ih 
CjLj-ij f—o frljfl n"JI frVjLJI CjLIjJ (j > a (j "t (£j^j Loilxt <jV *^lj-ua-aJl pVjLjJI 

.jij-a! cjj^f ^ J^uiaJI ^Lfl <pIj «A-v.ll pVjUI 

C }U^V1 ^a \1aj) y >JL pIj^^II pVjUI JJIj y >J L e *1>— Jl ^VjUI 

SjJ-a-cJI ?o mil jJi. Jjj ^JJI (—flj^JI jj mm j| :<jlj>ll (*J^. olj ml ml ^ « n ft II 

.(^VnJI jju^JI Jl JJiJ j^i^JI ui^JI ^^4 ^ jsl-Ji J/* 1 l^I trait 
pIj «Ai 'v SoJj" ki ^ II tdlj /cJlj plj-i-to SoJj" ih n II pVjLJI oLjL*j ^^Jl j-^>-» dJjJ 

^ yj Y _j L^JI >^i oUi J£ o-l^cl U .^JjiJl ^ yyj YY 6e>^L» 
<Yy t^jii <j\ ^ j 'i j <jjjJI oM of^j^' u^^ 6 6 j > d " c?>=^ Lodltj .(^Jl^iJI 

a^Lj .J 't! mil j-A (Y) j$ tr\*£\ (jjJJl (j^ *J^ '^1 ^2jLjJI oL-t^ ^j rt-v (jjJ ^jjSjj 

Inij's y J Y ^ Yy ol^Llll ^jt) J Ujj -^1^1 ^1^1 ^IHI ^j^^tlL ^Sfl 
yy s^.VI iLjill .yy j ^yYj Yy j YY o^l^u Yy oULlUI i^jj ^Li *ji^l 
(^1: dJUj <(Yyj y Y ^ Sj^Lui Y jV) ^Ij .A kJI ^VjLil <iilj^ ^^ m iali 

Ij^U Jjlo jl^ . J^lo ie^J)! Lk^ LLaj <1 :3 pIjiA-s II ^l plji-t-aJI O^Llll <* mi 
Jj^ m ( h ^ c ) (^J^i *— 'L^J^J CjI rt '" J A mu I Uj m i 11 JcuL^-oJI Ij-A a-j-cu^ ^ I f. 
> r i "i 't II Jjl <JLa. J£ ^ Oj^-j ^L^j ^ij-ojj <j_Lj olj filj iA ^ *VjL < Jl-J ft J 

I mim JJB ^Ul - gjLllll <j-a C>> inlll jVj (iS^J j±L Ctil^ ■_« ^mIII ^jV 
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^Jl ^- <Ai$"j J*ll-o ^-JljI,^^^ J i" fi" L4-JI ^-ajl-oj <GjJLLq «Glj^oJI JS O m j I 

Cari Wilhelm von iS i^> u>i f I p Lj Jjl^ ^L<JVI oLlIII fJLc L4J jLil 

^jIjJI j SI < " II ^j I ..iLj j-51 < " " j i .^ II < j .m r ^1 j-j-c .(Hieracium 
.«iLiuJI Clj^l <L>J^ oLjV IjjSS £\"X V j (^ m'^^UI <s\) parthogenesis 

>d -j -\^ t(phaseolus) *LJj^UJI iu: ^ IpJr J ^^ ^1 ^jliill < : n ..n 

.pVjLlII j^i lyi^. «La^uil^ 1.1 mi'i (<-Aj <l(| *?J^ (j^ (_pjJI < Uqj uiaJI < m i uilll LfcLa^aJl 

jAi j illljj cjVj <( b ^ s- >^.i ol 'h -% * ol 't j ^ II ^Ai t j iaLijjl l,i i ui-j <4 j . Lu ^ **-j!jj 
jjjLLa oLli^JI ^ j j*^ m *^J-l»i u^ ^LoAi .LajIj >m r aJU V oLL<-cJI rljj! 

U ft *i II ol n n, j^o < n m, (^o ^l^u /*<^"" L^t u >i o-j <pleiotropic pLlliVI 
ol n m. II ^j one-to-one Lj^j-s I ^ j j k "* o^-' c^j *^ * ^ lh^^'j ^j-aLUJI 
? *sl a II <-jLjJ ^^-fl olj-i-LJI (js^\ (s^$^ *JL5_aJI J j t *m u I * a .oLL^JIj 
^IdJiJl ^1 ^IjjJI oL^ljjJI <> ^i^ ^i o ..«j^jJI 4 j .^>^ mil iDrosophila 

^ - Ifc ^j-A j t-f.uJI ^jAjlj <jLijJI J a 5" Laj|j <Jj i t M ^ II ^j-a laJLi ^jl ^ I \ y II <„n 1 t 
olj^tj 4 -v u 't I (3 t^ ^ fjS n » <lli> m Jl <LJjXaJI 4-ilj^JI pljti <^"^| ^X^.j .LAj^Js 
Lj^£.J A \ i-y (tjLfi S^)jj^. ^-o) <f Vtl ftll 4 U i II J-a-oJi <JI J n II Jj t m /cic-J .<L»^jLj 
*Q-a «JUjj T t KUfl j-i <_£^jLfl_ll J j n t 1 1 /fc*J^" 'l j J U ~\ II *_o Jjkljjj <t 4 ia m 't 
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(>ft 49fl ua^JI 4,j loIII <j] I Jf <Jjlll 5 njj a Jl JaJalil ^J^JLJI ^jJfcLkJI Jahili 

TT £jj jj" 6 Lkkj! (jiaAJ Tt UUall ^jIUI <j j -> p "t II oM ^^ *t>j"**J .0>aJ 
ij-uiiJl (j^i VjJ (SjVjJI <ia.^a ^1 J-uOJ ^yjJI <tjjHI ^i 2:1 <J iii'ij tTj Ttj 



. <2> 3:1 <4jUI 



I4-JI Ljjil ^^jJI L» Lt^j 4jjL-usJI v-ij^^l Jlij «jjjIj tjlj <<j ^>S5j jjpkH jLc 

<*ll km *L^VI >J^ tjl^ <CjLaxu ^ -Laj JjJ-a CjUa^^Lo Cul^ Lui <j^Jj «J^ C)-* 

,<j £-*JJJ (jl <J Ij^AjLa <jl£ ^kl LaL^jI 

Ernest Haeckel (1834-1919) J^U c^l ^LJVI *L^VI fJU ^l 
«phylogeny oV^L^JI Jj^ p^- ^It-w^n Lll £^l <<j j o .m" mm J ^f^^' 
ontogeny "cJmKII j!^^ pJ-c" J j\p^lj '^j-^ <5jj-^' c^j^-" ^LIjl-oj 

r*^jLfi1 LoS .p jJLll j^LjJ <JL_t^jui ijj_«-o j— A Loj[ a^^JI JpJj 6j^oJ pLL») ^j m 'v II l^J 

* - j 

.ijIj^JI «LjlLulj a^-%*m CjLo j 1 1 o /c^C (_g j)*** ai " «Li^jJjjaJI Li^LiJI (£^* {j\ 1868 

^l^liVI I1a Walther Fleming jJUaJi ^J>j cf :lLaJ ^ , <i^VI jJU j^U xSj 
<Li5a ^1j ^Jr. ^ji^Ji J^la m II olijj Lj^Lk c^^j J 1 882 a.Lc > ^ mi"*sI Lodl^ 
(_ Lc £«-^j *P, t '^ (j*^^ * ^j^l i^" ftLj Jjl^jlIj jji (jSft i rod-lik6 oLu^uL << ^ m mi 
1889 ^U Wilhelm von Waldeyer ^Ulj Cx$* *y :j ^^I5l ^LiiaSVI lia 
. (3) (tj^LJI j> mi ? II) Chromosome ^itji^ll J fj^jjill ^1 

.1891 ^Lc «tjjj^U L^jI (j-a-^ t^JJl j-*j «pLa-^VI 4j. a ^.uj jji LcjL jj'jJIj o^ (3) 
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CjLjL±jj Lk4j OLjIj-»-^. 6j t" i* j Lo ^gjTi'Sk y .a! hiViVIj i-flf.l ua3 iLj Ijlu dJ,J-xCj 

fL^-jij 22 a U n U 1 1 a oLu /"-^j . La-Ls Jj^j ittf JjLIajI JLk (_£JJ i ^ \ h tol t -t .\ nci.ll 

JIIjj (jl cjA-uoJI ^-6 (jl^ dii <<L3_ijLaJI /e-^J .L^.jj 24 <j_i^_a lj_Aj t^jnUl U illj 

^jJl jjjJI JjL^ <^Uj *u1 iLj^-to j 'S" f I (£jJI oLoj3j-°jj^' Jd£: 6^ u'- ,j "V' 

i * 

a 
JJ_c (jl n ^ ^ ILj O-j-jIj 6pI_j^-a-£ ,1 li^ ^ J i \ V| <(j-f j iti r. j <Lj^Lj ^1 

oLojjj-«jiJI cvil£[ \j\ Lo JL^. d i * 11 *La^VI p I Jr, ^llil <3>SJI ifllLaJl £_oj 

l^jl^k^ ^jl CiLojJj-ojj^JI (JJj CtU^ <1902 aIc ^j .SIjjJI Ciljjl Jj»iJLj ^ 

jjbj A/Valter Sutton (1916-1877) ^Ui jUlj ^ti Lj^ iJaUI Clj^l ^ 

L-jjLj-aJI ' Q l L J <L-ujIjJ-J fdijtj-tj i J \ I i i r^oJ j£ 4 * /A -y ( _fi J- n 31— i r J aJLo < T » II -U 

^j^iJI jjn ...n ifll^ ^j j .v: *j ^Ul Brachystola magna ^jli\ ^,.w"ILj) 

JjtiJL J-i^iU ^Ijj^ J^- 4 ^ o>^ tr^" LpL^jjj^jD^ u^ ^JJ '(Js^- ^^ 
l^I itrt<l ^^lc jILl jJj ,ii±LL^ ^f-L=- ^i jrjO J^ c^ J >^ ^^^ * L ?^ <±^j ^ ^ 
(1915-1862) ^^j-flj-j jjj^p (jV ^j-xij-j - o^jLlu <-jj-^ f-^l o^L-^ 
^jl <j^-JI Jill5 o^jh u^j^e 6^ er i '- A ^ p ^ ab '' H^ >>^J <Theodor Boveri 

>t jjjLLu *_o Ij-tjiLi «t infl't cx5^JI ^ lo ni4*i S^SLLll >*IUj (jL$ <Gl 1904 aLc ^ 

tf ^ fr p'" 

<Gl VI (iiuuujjl jlliVI (j-^jlj ^i (ue>^l Cr ) t 5 '^' lt^ f4^ <JJ±*J+ l) £*J 

.j^jalJI ^jj ^JA pL5J-i-oLj _ <UaA| jjSI ltXAj _ j-ia^J (jlS 

j^i "genetics <5lj>ll ^i&» ^lU^o William Bateson ^ .«rL ^LJjj ^>i5l 
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^jju'n i^L^ ^i j' j j ^ " |JLc .Adam Sedgwick *zL^**\\ u* pbT ^\ UL^j 
j»iaJI jj^ « t < 4 1 4 j» 4A-g ^^i jj 4 aaJI ^pj .-» J * II Jl -> ^tj [ <jLL ^ill (^j-oJI La-jjj 

/L-0 <0 3jLtiJ| !_LJk.jjJj}Jj_iU <J^-I w i * A tj l^LJUjl^* iJjjj! Sj-Alia rr \ "\&U 4-iaij!£_A 
.CjI^Lu Al CjljIjA^ CaJIS pIj-lu fOlVtKll ^JJjjjhaJ 4 1 1 AJI 11 (Jal ihaJI ,-U. 

<jt LlJx f^U mil l^JLtj <5ljjJI ^ic ^ ^>aJ *j-l<^ *a-£L» Jl JjJij 
jl 1>"^ I aL^uajVI Lc^a <j-&-aVI Llj^j-i jLLlUc ^d,^ r c^j^**" ,-lJi ^L-iiiVI djoj 
|ki n,V t Vlj ^iJjJI a ,„ ? lt LiU.) ?jn,,« ? ll L^UJI A l ml\\ J\ «mitosis u Uj^H 
^i (cjIjjjjJIj ^liUlj ^AjjoJIj i^iLUlJI) ^J^tVI Ofj£i ^1 ^meiosis ui nVtJI 

lj^ 4_ui i^ <JLui^ ^ m'^ 11 jil^lJI jjbz Ja^3 j^sJI vJU-^jVI ±d Sjj^VI iiiajJI 

<j_* Jit+JI ^Jl lij* JIa i>JLLj* 0>^f <J *JJJ-^* J '"«" ■ Lr^'j 'f-H-N LT^ 
<^j" <n A ^l <JL±AJ\ C^JL.ftjjl J-lJ flliJj £-6 J ,/1 J l^fl1(\ <JJ l J-klJl CjUKaJI 
Llkj ji^l 4 J.J a r jij - i LutaJLoJI A iiifl\Vl «_i_4-o1j fL^JLlLc ^-ic SLlLaJI La^aJI 

Uli a^Jj^I eJj-Lu dJjJ fl > ^j 'j '; 11 ^jJ I » a . 1 « " 1 .("< ^^uJ ^jLl^JI |j_A jj 

^ a lj m. L> a-q-&j I n^ a^ flJ <^J r^"-* c^ 1 ^' j^^ ^aIaIojlLI 4-l^j^jJI Ja^kjJL 

.J-ufl^JI 11a 

4A-qJl3 5 j mi r Jp-a (J-51 r A a" ig-A^ { (S*x3^ J -0 ^ '^J^-*-^ sj-^ ^^ f H-1 *Lu-aJLfl 
* . .. , . * 

<LjV i-IciA. a!a ^^jLIaJ) cJfjJli dLlj a-oj .^Ijiill aI 4iii\Vl ^ ljtj-oX. J-o Lkjjij 
JJ-aH <JjLiJL <t uj^.A. *G^Jj Lj^LU iaLltlll AJJl-J ,*-■""* (5UI ^Cj^^I 1AA fJkjL-o 
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<(2— 2 J*S mil) ^yJaliJI J miViVI *Jj ,.\\t.j .?jl-N II Sljj frl ^.j! J£ ^1 IaIh n 
1 i/^iJlll ^jl (j t t n't jnl il n\ e\ ^j ft^J <j-o LflJj-A p-.i i^l Lg-Lo jlS <jY <n mim <LlL&JU 

^ Ljl-o ^ ioTr^ «chromatid bjy ^ j? I.j>« j ^ LL^* Lh-^° Sa^l^JI u 1 luj 
j*j X J^. <i itu La ^^K i tiTi I centromere ^^i^Jl *j m? II ^ .*^ ilku 

Loj^ojpj mllj «bjjlll OUjS-oJl UUo ff ,ft J, uj ^j^lll i_fljUul JIaJL cJJj Jaj ,<ia_a 

^ja Sj^^j-JI (^^jjJIj oL^^JI <j-° glji-JI gfj-oJI (j\ <L$-j iU ; i^ - aJI cytoplasm 

1j-uj *>kSfl tjfi. Lo^J^.! jjLiiduoJI ^LLiJI <jVI J uall* .Sl^Hlj <^LkJI jIa^JI 
iJuuj <(<LuLuMaJI jjfl uji) oLJuu-^Jl ^Itj,^ a (jjj JS .mmIij J O^ (_£jJ-a. g- 1 m f 

.S„wlj 4 ila jj-o Vj-» ^ji"a*lu*I^ JjHjI'Si ^jVI "fjJ r J "^ U <4SaLqJI 









s; 

.«LiliJI 1 ^j^ 'j" fc "' (J^lj j-i-VI (ji. LaJfcAa.1 jjljJLJ-ijj «^LiJLi-uaJl ^Li-iJI J i^inj t^jjjJI pL-iiJul 
• Sljj J^ Jj^*. (JMjLjVLj *ulaJl p-Llii. 1*Ujj ^f*^ L^* C5s5J^-" pLitiJI J^ mi"ij <dlJj J ■/"«"fcj LajAcj 

*^-v"r> ^jjpjtLL (jjl) ^jliilLCt a diploid ^"lir.' <A« ^jjVtl^ /c-^* J <o^*tj omim u*\\ oUJ J -^ *>" <Ijj^.1 
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.(jJ^tVI J^ m.Ti «J «r, ^t <meiosis .-j^JI ^1 ,.«r»VI ^ ^Sfl jhvJ 

«LLaLSJI ^ c j a a. aJl « fl '^** LS^" i %> A <-^ l£j>"^" fLi^lA. £-Jjl J S h o Sjjij t A ILi 

s* tf 5* 

cilaJ <^LJi 6jJbca «LlLoaJI 6jJbj . (^LtujVI dlc I Jb *^> ^jjj-uacj G^) oUi» m^II 

K' jj 

^j-o Jj^Ij £JJ (c-^ "Jm^ ( — * *~* <3— 2 J N Ml II ^j-fl Jltlj) ri ^ Jl g» V» (jl (j irt^**l MIJ 
La J 'l C. J^J «SljjJI SLoJij <LsU5 <Ktl mm o cJjA i <^ll (jj^-* '^'^-^ LT^ '^J V "^ 

jJ-xj <LLa.j-<dl 6JlA /c-flj »(j» a S M j 1 fl S >l «* " ^j-a JjJ^"" f i „A uaj n II a! inflVal \Ssj 

# & ? 

<_£jL*JI X i_fl^aJI J j*S n t\ I <jj£!j-cJI oLallaill yLu! *1a£. (j j I r«Vtrt <jjaAJuua (jjfl mi 




••i 




jjJJ « S («-Tiftlt a.1 mtt'tVI «L^uIjILujI eJj^i .(jajI^VI J*C 'm" ^1 <> i uViftll a! niVtVI «ulac .3-2 JiLudl 
(ajjj^jj^JJ Sj^io 4 ij ni (^it ^jl^j L*M^.) haploid Sjjia U^Lk «j^t j^-H <lc I .A» 4_ilL Jj^*j 



SjLaJl J *l;"*j <Jj-^ Ji^JJ <^jJj>-aJl 4j* \ <^H J j ■ ■*■ H <LLSXoJI rljjVl (jt j-ir. a LliJl * l ...o'* VI 
>1 M i.a * *l dJj (jL .(jjuiij-ua (jJc I fl j *> o J^ (^jlaJ t jjjjlL J*Lulj (b# .1[ t-»JjJ (1-J-A «lli^uaLflj ^isu V) (jJf^i 

(_yl.ll (jajj^jlJI ^ j^i-JI ^^Jb <^1l «ui da "j << 4 i^\rtll a! MiVtMJ j^lijul jjk _ LJI (_>iJjJj L-i-al^^lil — ^j[ 

.^LVI jJI^II 4jtilj (^jJI J^^ioJI ^jij^uaJL tjejJI^JI Ja.1 tj >t**> 
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frlj^VI" <^l) 5ji^kJ| oLuIuiJI ^o mt ^1 <<il^U Si£. (JJJ^ c-flMiJLj iL-aJ-o 
_IC iJ 'S i uli ^JUtLa. JLsJ 6JlA u>i inll 4 M r n j J-Cl mm ^I J n* t rt 11 <j-aj f f SjLUuJI 
J "^>^J <L*^o ^J J^ft n ^jlj» \ <^„H <U_fl ciJ^J c?iJ' C*-£jJI /5-fij -^i"VI ^jfj-S ^L^-*l 
SjLoJI a-g t->VI 6liaC.! LJ j!l<uJI JlJu i riil ^ Sjj^^-dl SjLaJI (jjiJ (^jL*j) J^Ljj 
^jj| <k^JJ| ^a 6lAj .^Vl <"Uc? ^Hl OAAj^gJJ SjJilU) <1LjuJI ^ SJj^jjJI 

.4jjjAxJI ^ u *m^I1 jjIajJI L^i vi h 



^i La-LuLa. UJaJL-La J^ int iJ il\ <t>±jt crossing-over >jLjc1II < j L r jju» 

6-° £JJ LT^" L°4^ J^ t£>*^ O j"j^ UfJ^ f l >K^ ^ H ' "*^ LT* ^ J -^ 
itdJj Oaj 'o^J <AjjJI f-ujjJI ^ «JjVI ^Uj^ 11 a,I mfl'iVl» j-A liAj .CjIj^ju <^>ll 

A\ Vj-aJLa cJjj* * <«*> II k)jj\ £y> J^ u^ ni'tj <«<jt-j ^ U j -s aI m a M» J^L^j 

<4jL«ll J-o Sj^VI ikilJI 6dA Oj£. .iijljil Lj^Lk. jjVl J* itn <iuljil CjLi»,,j <«a 

SjLaJI ^jj*^** J «LajLuj LlijJ o^li 6j-^lj A * Lk ^h> *^fdj l^^L^. f-jjl ~™ r .* ""V 

^jl^ o5j .I4K J-JjVl Ij^UJI (^ v^£-JjJ OS (jJjjVI ^ u-6 iaL^VI 4jn^1l 

^^al 's II J j -s 1 1 ^ ^ Ti a 11 y J-iJVl ^^j-ic (^J^^ CjLiJLi-ua (jj^Jj J_5j 5pIj4 i^tll 

l^"j _ JoJjGJI ^ J^ J^ <-qj IjJjlII ^kl <L^j ^,>^J Jt <dxa.iLoJI jd£kJ tilJj 

• ^ ^** 4 ' " * 



Lo fLa^Jjl . (fc * f <^>'l) Ajjj-a jtjSJI (^ u^r^' (j^JIj-j^JI rj^ o*^' t -*^^l' u*-^ ^^ 

^iiilj^JI CjLo^Ji JJ ^jLJI Uua aI1 j^ L° ^ ^^^J ^^Ij^il <Ax±l\ SjLJI ^ 
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Laj .dJj jji. p^^-i ai^? u3 u^°f ^ 'iiLf^l ^ '^1 <j-*^c. ^luIiJI ^j^' J^- 
£ya s\*k a ^ m j ( _i <Lij_ljo (ij^S J s 111 tj-Lt SjLc <-ijJ-o <j^^-*) *^^° <i j U j ^ 

jLtu "^ <(LL=*.V <Il JUt^oJI jSj\ m\ I I \ t Al I lA A 'N ( *^Jij niT ^"V i <j-° 4X.J) A 'N A 

J! 

o^ j n ^ II J_4^j^Luj c_flill^.L > 4 n 'n" J-*^- («J! J-^ t>° ^l^- |fl 'l (JjL-<-"jJi o' 

Lj^Lk (£JJ ^«-fl J *T> o jj iA^ ijLlJb ^iS *6jL^j[ Jj ^ Q-J V ^^ LT^-J .4j\j a^I 
^jlS (^j^jJl 4 j 1 ti J a \ Lfll^JLCl «^j^jJI ^jA a 'N ILj)) ^ n m (P^j-aJl ^j-o J-^' f\^H 
Jjl^j .LL^V LAj^J ^j-lt ^Llduj j^jJI CjIj^jJI Jj-a jAl f^j ^ Kl^ (lh° ^J^-° 
4.lffii ut.\ 4 *j jj 1 II 4 i-nUII ^j-° ^4-*Mj SjT* i«^ift L^JiL^ «LjjjJI jcjrt^ II 6«iA jJI jial» 

1 1 rt ^ " ^^1 cjLoj-L* a .11 (j-« JjL^-11 i^-ll Ij-a JL^jI ^^j-Lt SjjU oJ^-l ' J -?- 

pIjaj^II ^JLtj o>pl ^-fljLt <jl^ jii .1944 *Lc ^ ^^-^ Sjh'ill dij 
^3^14^ j^ jjJj-oJI <(1 955-1 877) Oswald Avery ^^il ^'jjjl Sfj j ^ H 

^S 4 t *||| Ali <GL>-2» J-Ol^ ^lAfll (^^Jlj <<J.\*lSll LpiJ)S iitLfl^J 4 t UI i O ^-fl ^jJluLLu^ 

6jj)S a II 4-oj_jj_^. (j-o 4_LLL^-a P IjjI (c-Lc- CjI— tuljJ ^^^_i (Sj-aJLaJI CjLjVjJI 

^j <j^JI cjIjj ^L-caJI ^^^ij-aJI ^l^il ^ Sj^^jaII pneumococcus 4jjj^>JI 

<JjJjJI CjIjJ^-JI f^*l>?" O? 1923 j*L*JI ila lij>«-a tjl^J .frK i^VI ^U mVI 
<£:^o jji. Jliil :<f:^U Jl^i.1 ^ tj^ (<5^JI ^l^lll ^lui3 ^1 Ljn<JI) 
Jj&j .P-l uiIa jJ-JJ («LLjjjjijjyfl) «LCjia CjV^Lujj (^j^JLlJ 4 J «n ^ jAJJ 4jjajj^ifl V j| 

^k Joj^ ^ ^ill ,(1941- 1879) Frederick Griffith zJLjL 4jj^ 6^ 
o! <qj j I j ia^usJI Sjljj ^J Streptococcus pneumoniae <^^>JI cAl±L*J\ 
1930 f U ^j . tf >kVI Jl Uld^l J>Ju j,t 6^f ^"ilo.llj ?-, „w II oV^LJI 

^^ojS^^ ^^ ^o J^^lll O^ <£-J-^uJ I J 4 i nVs l j J-«jJI ^j-L 6JM<0j <^J^^ 4^' 
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jIj_aJI ^1 cplj \ ij I 11 t fl 1 "i "t oLn t^jil LJ-&.J <OJJ)l ij I 11 ^)l 1 <«*■> J J^jtj .LljJijj_i 
IjJ&j ^«J^jjaJLll J-uo|» ^j-fi J^-**-* (£' L^-l L>"-^ «Lj^LaJI J**-?" CX^-* LT^' «Lil^jJI 

«(JjjjaJLll J-i-ol» <j| a ujI ^ *^J c*"^ l " 1 * 1 % } *-jjLa^lJI Jj-c <M ml m pIj^.Lj j n" utl 
4jL-cu JJ-*JJ) *(—.»%£■ /jJ-^ L- ttil^> * * ** fl a 11 CiAjLU .A y.lfl ^J^j ^jA A "S J J ?> A (J^S 
f^jLa^-Jj-uj jjJ (j-fi C/iN cJjjLS y ml a_nJ LoS I (j o ml ^ - o J^ «Lj^jj-Ul (j^J) fl v II 

.-fl 4jju»jj^jJI ij^^)!»!^ IaJ^-o ^jL^ (j^JLjJLi .dUjj 1 * Tt fl fl * J fl y II <jij aJ 

Olj'i mil ( -i f-tJ-3 ^*^J O^J C?L>" '^"* LJ^ *C£^A*' Q^ ft ^ 11^ 1 In jnljjft > fl m"S o 

-1908) Alfred Hershey <^-£>a j>iJ1 ^Is .1952 ^Lc ^ii .LJLlII ibiUl 
Ijjji3 <Martha Chase 0< m ^ li^U ^jVi Jl j-i£ iJLLJl Oa^L^aj *(1997 
* T n .^>"t (^1 oLujjijjiJI ^j fbacteriophages oLiLaJI ^p-k. L^jjLaJ g^l^* 

^^uiJI ^i Oj^jj j jfl ntfll l j in'jf, ^jl jJ>Slll ^ Jjj o5j .^jOaJLj j^a!il^=JI 

J-i-atlc J^ J,>^J (jl^-A ^Lfl^l J^-k ^OJ Cj^J (^A .iiJ^lJI (jOJ-A^Jl ^ a^jJ 
ajjjj^JI «LLuah ^jJjJI <l J flf J^Li. <JI dj^_Ul f I flfl 't o <■», m.i> p 1jj| aL\^" niL 
<Lj_LaJI ^—ll J \,\ \ (^jJI A J *±j j_A <t iM t I I <_£jj-iJl fjr^ n ^ 11 ^Lfl <(<! jM .t JL> 

(jAjO^JI JjLl ^JUul <Jj •% J 11 6J-A C* t I fll dii^J . LjjJjLl_LJ J Jk» jj-0 {j~| jjJLLJUJ i <Ju» j3jJ^kJI 

.«Lulj^Jl OLo^t fiil 6jflj iti Jn^hj (^tlll ^A (^J^jJl 

^Jb ^j-oLk ^j^j^ ^^ 4_lJ_i jjt i^t /c-^ jsj ■"■* J t^"% iciLlj ^jj) (Af ^_a 
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1868 ^ U ^i ^j-JI liA ^l ui>aJI ^ aSj .deoxyribonucleic acid (DNA) 
jjfc — _xSJ|j .«LajLJVI (j * 'n j jjjj SjJj ,-i ^-.^.j^ j^laJ «_tSJlj <j>j mriJI cjIj! n <^ill 

«•tff * 

1 "j^ ^jA /v^ II |jjfc p^j^, *Li-*iij *j)J? < iiS VI joj.^ "i ft 11 (_^j(jjjl ^-jljjJI (jA o"\ H 

^^_fl jS m II p^j^ Lol .4 Jlj\ S m k CjLc j n ^ n «_,a ^jl IHj jS m II ^j- <— '^"fj-^ 
li$-Ij) 6J-a*lj Qj> inNl SjJ <G-a £*^J-J (jl ^*J «jj^jiiJlj 4-L-aJI (JjjjJI «j^jjjJI 
LoSj .(< n ml J^o <jUj_a. La_A «,-JJjJI)) j (<^jj ^ mSVI (jOj-SJ-a» i)^jl J *-" £)* 

^jjj^S CjIjJ ^j' eh* *t h t nM <JLLx ^yj* «*-L!j_o jtjjjjJI ^jLfl 4—2 J s m H (j t <t 

t-LlLljJ ,<JLLaJLj «Lta-AJj-O C£J-^' P-l J n<l ,J| *LiL*^| fSj^aJj {j J *> t it < sl 6jjj 
^oj^aJuaJI J^j_i_i^J' CjLSuLa* ^j A h i i 1 (] iri» t Jsujj_2 /c^J» 4_LJULjtajJI '.**«* ^^ *^ *» 

£j\ k m 4 II CjLcj) a -s, a ( j_4-j v-JjLHJI IiLa LsLo-j jJh LjjJU ^;j Q a II Jj_eu*JI «^J^ 
*— fi*3 1 CjLua j mltll (JJb ^-k j^^aj LT^' Qj"> niSal <M ^o^V t ftll j^jukjJI Aif ja^ ^j 

p c?j^* (jj^ giSVI (j&jLija jj-^j <l3LL^. J!Sj .Ljjjjj .^^iaJI jj^aJI ^*-a Ijjb 

IIa ^ «Sj-cLS» 4 a K lj .nucleotide base <jj^jjJ^^iJI Sj-cLLII u n m^t j^Ll 

jj-fl Lol : Ao^ll ^_a j£.Ulj t-J^j-o pl j rtj< II aj£. ^ 6J£,L5JI ^V ^^yJ^J J^-al |»-ujVI 
^^-fl c ^^-? h jLH-^-l' *^'jJ ^^9-J t>-^ J J '"J «SicLSJI» n 1 U i<^ n ^Lfl <CjLa^j-oJI 6J_A 
J-clj-5 Jjj! LjJl j^-fl J-^.^J .pL-A-iiJI ^ JX.IjJLJJ <LaLc < a m, ^^-Aj (CjLjJj^JI 
<(G) ^jJ^IjiJIj <(A j-a>IL? S*^ ^l jLA?) U^f J ^' IjjOaJi ^j <iaii ^w"jj1<j' t 
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Zj£.\l 




Ij-A <U1j f+& (jl (j^ftJ .(Li^JI) ^j^ ..i<VI cH ajfl'inlt (^jjjJI tf-^jJl u^-a-aJl <J^-J .4-2 Jilidi 

Sj-^lj tjj^ niM Sjj^ (C) (Jjjj^S oljj A-Jj* tJ-° ^J^-° ^Jai-v ^j-o fr(_£Jj*JI IjJb waJCL* .jS^uJI j^x»j 

Sjj ^^Ifc 6J^.j-aJ1 <*H"i*S <Sj-=Jj ^J? '"^ *J^ U^ J^"* U*' "W^ ^*JJ»>-« t£>*^ frL-il £_» *(0) 
'O. 1 ? "i*sVl (j^sjilo j^JJj ^^^y Cit>» JJ ((1 p j mil) <iLaJJ ^jJtJl ^^laJI <_juLJl ^ (j^jj^JI 

* 

(3 f d m H) iSlaJI ^^Jt ^j^.1 u&j^ *J^ Ci U j" j I ji «uSli mi <^jft? o Jij t(2 ^ mi l) 4 SU II 
.LjjJI jAa^ _a «LLuLuJI 60uA .^JA^JI ^Jl u^-* j-* L°^ '^f^ 9 <Lut,l n> *U&cV 

£jjVI 0£.ljUI (jLi <^^j iAjjJI >~uj^JI liA <j-° ut^" ^J .5—2 J£_*iJI ^ <jjj-o 

4jAj Sjj-o-o <lxo (j-A 4 j 't JI 6J-Aj .La-A Jjl*fl i<Vm n (2)-t3b.jjljJij (J^jjSjI ^J'jJ eh 

4 t 'i i 'l 6JJij • i jj-a h>> ^jLlJlj ^jjj^^JI C»ljJ tj-o 6J-^.I^ «Lflj.^. ^jj ftj* 11^ t ^jj^j)"j r m 1 i 
jlj <^>" (LJjJI *(j£j-a. JS mi J j Ai *\\ /r^Jj ■ « CjI n J J ojjaaJI )) ^-C-^ OLiSj-<J £j.jla.a 
(^^SiJI Jj^ajj) ^ j^JJj 4X.jft-> n Jij iaOJ^J £-JjVI 0£-I^SJI 6J-A ^J^-l (jLj 

.j-^ <^ll (^ylt tt**jLi p^j-ii» LjjJI (ji ^jjj&u ^ajLjJI jl^ IjLaJ (jVI 



facebook. com/ketabme 




U^ 1 



G u^ljt 





L^JJ^f^ 



O^* 



^\jti\j (A) <^V1 ^ .^i^JI (y^\J\) Jj^il aj^ JLi3 ^U! ^jVI jcljill .5-2 jiAJt 
4jjL.jJI jjl^jJl) •- -1 '.' 4 .~ yj,'.^ ^i H") (jf^jJlj (C) a^jj"'j "'H < j** t * 1 , 1 l *\>.* 'CiIjjjjjJI t^l (G) 

p- 1 ia i^ll aJLc *U Lfi,ik£. ujI > <Alt ^ c*< i Yi oiJ-> aS <^JI ^-Ia ciolij .<jK*^\ft"JI 

CiljVjJI ^jJJ jA.Lbj /jjai^J-liu A^UjI C-l ^ "» 1 LUAjJl ^^ JAJ Lui Cl ft < «*») Ljlj^jl 

" Sj-A^LaJl j^jjJI ujIj nj" inVI" <iy\V\ I Aj-%"t >n a ^lijLii jj^j J 950 aLc ^-ii 

^jl nUfl ^ijlJL&A f^J"**^-^'^ ^jJJLtjVI ^j-o <j al iijj _^jjliL<a 'jcAj^ -^-U-^ lL^° LS"^ 

#> s* 
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s* 

(^jJljJLllj ( j : jJLjjVI) oUjj^^A! ^Loa-VI jIjJLaJI <jl_fl <LlxLI Ijj j^a *u>,.\^" mj 

j<fin 11^ (j-OjP 1 min CjU ij * A *j uli 4 i nft a .J' a^i II jIjAjgJl ^Jb (4 <j]"\ II ,_a.jjj_aj| 
^J LoLaJ I o ml -^ (jl£ C)Laj) U n II 6j_A * n -% <j| fr <A*j| J-ij . (< $ I ^ II __uL^VI 

<ijx* ^l J-i^^iiJ Ljj>aj Lil£ <jl£ j^JLlJI 1^1 j4 (jlj <Llill iiij (^Jl lJ^aIJI 

(Ji-llj «Lvjj-luJI <jLjiiVI ^I^ajI C)L^"1jJ £j£> oi t£i^3 /cJ-ll cjLojJjlaJI c*jI^ 
(1916 jJI^>) Mourice Wilkins y^Kj oujj^ ^alLy^ill <> J£ L^» *LS 
1 -s M 1 't j m '1 j ^jlLL £jJ$£ j» '*j^ ^ (1958-1920) pjKM^i jlLJIJjjj 

ola ^p-jJl £j>JI <jliftj <^j>j-aI^ 4 » «I ? ^ (^l^j n« ^ 1928 ^Lt jjJj-Jh 
J-J UjU <c*lj-JI t_flVV jjjj L^j .LlaJI «uIj ^ iiijo-JI ajI iti^ll jLauV Ij^^J 
(SLujLoJIj «iULiAJIj <jl^"t^Vlj (f-UojVlj <<jh ilVillj Jlj'^Vlj l.i irt'JI ^c <L*ai 

<4.ajI ioj^I t_ft5l^cJlj (■ ftlaljA.ll a ha o CjjIjIjujI j^lJI (jjjjiiiJI t^iJI oljl m1<l *Jfct 

.J5LLVI ^ic <^LL. On.il l^LJ 

olfljJ (^t JjjK'Jji ^ i /n 4 II ^ <bj mt ftJI 4 j i^>A itill (jl jji t^jjj V 

I (j iAjJLj d a »" ** < j fli II £)-£ jj-LJjLJIj <Jt-Jl mil ^-Jl tc-^J U^J } n " (J*-* s U-" i '"7 1 . 1 '") 



(A) *" 

c y LaJIj V SLaJU : I4IAC ^ l^.^" ...1 oil^ ^1 <fJf^JI <*-^^U a^j-JI «Uai 

4 i^iflll 6J4J ilLtlLcJI jSl fl-n II jjl J^^ «H <4 i^iill Ajn 1^ ^ jjj I4J ^Iffi.n.j ^Ij 



C*LALaJ»t ^ Lo^aJt j^t tTt .SjjL ja£. 4j1j ■■■!! <X-uiVl ^ <^>^> W^* J>°^ 4o12j ?j*ij j uli 4ju«S»VJ *r IjJLjI (4) 
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<j-* u J ^ J ° W^l >1*^JI p * » s ^ .<jJLHI j^jU m, H ^ jJjj La£ (jJb <\\\ mVjl 

.Aj^JoIa ^**a£. ..* <A,JJtjl S^JaJ ^jaiSjU fpl 111*1 II ALaJi 
(jiujj A.L5 I oJ-lc «r*JJ^S ji'in 4 t 'S j—fl LjjJI j^o^, (^yuijJj jjSjj^ <jlS 

c^L$j .J j 'i j mil o AV L oljtjlJI flc ^ LA>^ <>> SjUVIj 4jK1l ^1 

* ^ a Ll 4 * j {) a aJl 4 t "uli ^-i L^-JjJkj J^Lk ^ 6 ^-* ^-4-l>*^ <-*j " "**^ ^ ^j K M ji 
~ ^ ***** m l_^p| LoLa**i rr lol^JI ^j- 6 L)^- 1 f-i.3 »Cj1 LU m n 11^ j-lsL^VI <j-g 2JLi 4 J"* 11 

u ***r* m"* oi>ll cdJj (j-i cljL^ j:*-*-^ j a m^ <uK ^V f J^jJI I1a 3 \ i ^ " j^J 

Ci-L-aj Lodlc I j t ri -\ j ***S Ijj c ^j aJ . <LoL*JI I d *** r L5 ,-11 JjjkjJI ^a p\ mmH 
,—fl rr <r">l^ j-fiLlj dILLA (jL^J *^Aji^ Jl 4 "^ LSo3j-£ Ojj-C J 'i r, Ij-J^ f^jj lS*Jj-fl 
^LjSujaII J ^^ Lo ^jlcj-tuj .UjJI «LujIjjJ 6 j **** a a pUjj I n (p n J£ A.L*SLfl <**La/>-o^l 
Jj-o 4-jj*N nJI i^jLJ^U La Lc-JJ 5.\ j 'N 4j*ij i m 11 4 t miVLj <_Ailj_C.^SjJ J J- 4 - t^-^ 

rJ^>i-aL$ ^J 1951 j* aTL m/ Jj\J\ ^i JIjjI 6j^ fUjJI iili i^ujljj ^l£. J-aJull 
j * mil dlljjui^ 5jj»J-> ^j^ C^ 1 -^' JH-SA II ^-fl 4 1*1 I mil 4% ut*j\ r'ljAj) «ULm o * 1 *****! 

X- Mnjnill ZjlJ&L c*\jjL1\ jxk ^ m fnj^ o^l .Laurence Bragg ^I^j ^Ij^ 
LluIjj ^ ^ ^111 <dLj£ (jMjm\l^l* j^n'^i dLiAj .ray crystallography 

.^Ijtjj^jJI 

i^jjjjl^IL^VI (jjjUlll ^jjij a,I,\U i^il J-t-AA. *1 951 ^w-ai^j/^-jllll ^j-iiu («i 

^1,^1 ( _ r l£ (i *Q I" II j?) <^K mi II *UjJ ^^ijJj iLiijJI ol ...IjaH ^1 ^JJ jLj 
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(j J "*>H J^) JjIj-oJI <^ O^J J^^" fr^'j J-*^ C*4 J*^ J^J <vI*lj-A-uuilII 
6^jo£.1 £jj-aj pLaj ^j-L. dbj& A-o J-a^-J rJ^^J-at^ (Jl Ltj-ui-a jLc aj .Ifl Inf £j£. 

„, y' fi ? 

I (p /v \ fi ^^lll vlAjl-ijJI <j-o 6j^Joj <jl £jj mklj g- I U" ml LaJ Ijj iiijl La_« ^jLljVI 

- r-jLa-lll pIjj coil l15j . r ij-ajJI &>aa1 <u n J £*aJj£ j -t V^ j^j-fl ^ J J f^jjKMj-fl 

«LaISj <j1 _ < j j, \ t n II «jLju-eaJlj d^L^VI <j-o <£. j J < «"> r> «UAjIa ^j^I- 6 fT jLai <«-Aj 
«Glj i-tj)' mVl ^UUJU Jj^juilj^ cL^>£ (J^L$ 'LhKJ>>~' ^jj* f' ' "\p Ja,I tj-o <JULfl 

(^JjI jtjiJI ^yic-j <£jJ^£ j-«-^ Jfc?>* J-^J .cJbj-11 dLJj ^ IojLlo <jt£ ^jjl 

** -'p 

jLuaJj .Sj-clLa «Lflj^Ja L^_j| ^jjjjj 6^-JJtS olJuLol («-^ C£ J) " **" LT*^ E, ft pLaj 

^j-LI l^ \f LliJLij LjjJI <LtJjj ^.c LLa^Ij ^1 tilj^ (j-° f*L^ u-JJo <iiiJj <jx 

J*S m" uj Lojjj :Slj-aJl 6L=JJ s , fifil J-aJl ^^it ^Luai aJaJI ^ <_i£LJI AJ() Sfl lI^ 

<Linus Pauling j-I^Jjj l>"^^ 6^ 6j itt ^jj ^j^ fJ* '1952 aU ^ 

^jjj (j^j <-xL mi l <XjSiV1 jr'>»jl O*- 6^^'j^ J^^ -0 C^^^i OJ-^^'j c^ 3^fJ 

j j ■ * ^ <> ^c- ^>^ ^^ J JJ '-^ >>*J->^ o^'- 6 6J JuJ (6—2 J ^ i m , 1 1) I o rtlc . 
La A-tjL-o «ui o-odi di (j.j.K'Jji c*jI^ c5^" 4 j ^ U II ^LaoVI p"\y * ^1 ^^ 

(jX, 5j y \^ aJI aLIjVI 4j^i.f ^ 1 a (j j JJ ruwLol ijl^-lJl /j-fij «pljh» n ^j-c «LaJI pl fOj3 

•c 

Aj-A «--o j >! U" j (_y^-l I n d 'n jj-aj (JjjjLi ^j-* LiS-Ajj '(j-^j-^1 p t£j-^-" jL»-^1 

1 n (j ^ J^-Q-J JLidUjl ^o (j-ijJ'Lis 1 \S n" ^ j %\ ml <JI— iAj ^jj) iAf (c-^J .Ql ml J j .11 

jjj 6jaj ii^Ul Nature ?U n oj-i^ jlSj .«lL-a ^Ul j'^Ijj ^1 j*t m II 
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Jau^ <jl£ U^ilJ 4jlj.r»*"ll 4j1JI (jir. JaJJI 



<>*-*» 






.^Jl^lll 




< j *iN 1 >j «* c J "^ * (J^° J-^'J *LXJ? '""""JL? «-O^ (J^° ut% J (1953 (JojjI / ^jLtu-iJ 25 

.Cu^JI La^jeJ SjVj .1953 J^I/^Lw» 25 &\ t^JcsA d& jLiJ „JjVI 
a \j n j II jjo ,till double helix jrJj>JI ^JjUI J)l\ ^ji LdJI <^ ^l 

^ # # # 

(j^o— («LljIlj (/— 2 J.S, fti ,J1 1 a j„\ ^ n ^\Jl? »-*-^ j^n ih j 1 ^jLj h j ^ J^-a- ^j^IjI 
*-aj . jjKj"! oli \ ?^"* ^ aj-ojlJI J^kj-o ^ jjja.j-oJI rjjJI — j^^l-^-ll l-iM -> f 

J^jLLsSj UjK»^ ^ -^ CT* CjIj^joJS^jJI ±C>\j4 £j\ Lf A <Ui 4j luI m.VI La n.jlfl tillj 

u^VI J ^«^ .(8-2 JiAJI) ^lAJI UjAlI ^ oIjl^j-J^JI ^1 ^ 

o'" " 

(^jUaoj (j^l^ajul ^jlj (T... A ^jjj-o^JLj La^jJI j-°JJ uf^') o |rt h^I £-* Lftjl^ JJjLLuj 
jIjJLo ^j| ^_fl («iLAjjii 4 )r\*% jLo j nifl \ 7^j)yil\ IjJbj .(G... C) (J-QjP \ i m 11 a_a Lculj 

JIJIaI jLi,U.Q JjJJIjaJI jljJLo £j)|j <^jj Ajlll jIjiLaJ ^1 iriO Ql 'n» 11 * tfl^ ^_fl ^jlVijVI 

A I ri *\ jLaJI j J ^ " j .«Ljijl mi" o CjI J ^N Jj-^J Jj ^ <Aj ^jIj-lJI ^jl ^1 -(1>^JJ)" * "■■" 



//www.planetware.co/photos/scv/ -.^jj&iy ^JjaJI ^k li^ £jj>Jt ^jU\ Sj^-^ <jJj ji*» (6) 

RVATS3.HTM 
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A?* 5 ** £*»-% ^ ■ 




So^Laj <LLjjj-o <<_L^iaJl ^U-i^aJLj <Jj-o-o (A, G) <j_1 ; jj s £j Sj^Ub ^j^I^aJI (^j Sj^a.j_a 
.G. ..C j A.. T J£JulL Lab £jljiJ1 Oj^ej .5j,*.r.5M Jj.ASIL ilL* (C,T) 



,lflj$ (T+C) ^jlaaj^aJI jI^jLo JjL«j <^*JI (A+G) <j^-W j'^^ u' cr* 

<J-o Ij-a. (j^sLL £jj ^ C5JJ^~" <j-=^aJI ^M^ t^ jLuaZlVI f - -> **J J 

# « S* J 

^J LgJLo 10 44 j^J dLu dJH dijlj^ll <j-o £^>lll llfj <-l SjjL^jJI oLjjj^JI 
LLjIjJIj .£5j^1 Ct^'j^° lH 'l" '^ J J * ^ ^ ls-'I 4-iL— =>i ««tJLfl cJ U j ^ o II 

Jj^Jij <<Ujl t" f. I ^_fc£. «LSj^Lj J*S inVt Lfl_j| ^\%f\ ,1 «Lj-oLa. 4-^« J t^ ^j\*>jL>*Jfl II 
<LLjIj Jj<s m" I j .£jJl*>jj1a1\j ^y ih^VI I fl M t <j-ft fCjIjjJI <j"° Jali < I j Li f- IjjI 

LaS - ^Jjj^JI i^Jjill a^i ^i dcLuu /c^JI 4 t ml miVI J-ol^*JI (J-aj .(j^>lM l() lAtU » 

S^Lllj JUUI o^jVIj ujnj'H c> J^J J - 8-2 J< ,t.« ^J jjbL^ 
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U^jjJI 



jJLl\jC. 




* 



&JLAj d ** *'^sX?'- t * * "^IjD <^^-i U ' "" {J-MJ <L-4-i_»| pLLJI a>^ o jS mu L*_a 

TTjjJ-aJI v_jJjJJI ^Uj-% <^1 (j-AAJ Ij-Aj <&J*$" mi o oLLij^. Jj*S m "i I L«-a CiljiJI 
LoJbl m 9*1 (j;jj^JI ^j-a-a^JI I U f*t ^ fl m I fijfl La LcjJ> 'U J) mi t jl i^Sn ^j| ^jS a j 
pLaJI CjIjo^a. *_^j ^ ***** ^jl (jjjJk (*>a pLojl j ^ ***« i I <nJ*ir (J f^-i^ \ LoS LoLoj ^ * * «1 "« 

.iu^iJI 



1 1 (j * ^ j *ld-4 (^^ ofj^Li *ile^j oj^uJolj <jl£ IjLJ ^Sfl uf^ o' fr^"^ 



J^a.jj j A L. o 4-^JJ Cf^A? **"^ n*\» I*tn1 m (^dJI j^-^lll TTjIjjJI (jl LjJLj ^jC ^ Ju *J 

.«LjIj^JI SjLail «tlola-o yr min <LJI 

4jlj i^i 4" II P(^j-aJI «UIj (jt jl£j <<l! Ij^. jjj-duJI J jaili pljj ^ *9 J i ^ II i-M mil 
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ijj^a (j j U t A. 1 1 JjjLiJjjJijjJI ^l^ill (jt (j-ajlij <<L*-xLoJlj <Lli^JI *-j< a W 6 jjfc 

: JUI J*-LmJJI Jij 

...ACCAGTAGGTCA 
...TGGTCATCCAGT 

...ACCAGTAGGTCA.. j... TGGTCATCCAGT... 

JjjJU. .4jJiJI JiJj ^Jlaj^JS^AJI J£.IjUI ^a ljld-ol dllA ^t <j-a>^ (jVI 

* # si 

. . .ACCAGTAGGTCA . . TGGTCATCCAGT 

...TGGTCATCCAGT ...CCAGTAGGTCA 

.rr LuUlll ( _l£. Ul </">-* j5 (jj& tiljjjij »<-^lj p"^J-° V^W 
(jl jJb <1a£. ^%\ \\ Lo J^J .J i^i^ll <jl^J ^ 6 I-^*U (5»jJI J hiImII (^JJJ-ojL^JI 

^ 1-ij K II a! imViVI 4 1 1 rt r fuuAj J 1 J 'i r .LjjJI ^o jo^jJm «GISj f> V* i n II jj-t-alU 
■ 7T 9AJ -0 wjJ 9-IJ l flf I ^ A" _ I ^ tfl y^\ll aULjI Loj) J LuJLc 4 a1*C _ d L.I , . . 4 * 
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<J^UI -^ .9-2 J5L«J 

Si 

4 >' a<-. ,1 1 i^sl a" » "' i" IkiA 

i &U1 UJI ^iiLj <cjI^ 

j i u di iiiiij m i i^i iif ^ -^ ^^ ^ 

■ Ini II IIP v ■ H I wi iL * r - ^ 1 ^ *° a ^ JI 

<5jli «u j j r^V *bl>* W- 4 ***^ 




J j^Jh l\() ->l^i ^1 O^K mi n II ^*1^1 ui .«iloLu*jj» i-aK ^J <jSfl dijJ 

dJULA jjl J '4-^jJ>* ol ** t "fivll (j! i-a-*j .jjLi^JI <aJLJI <LlLLJ1 Sljp ,«-fl Sjij) i^-% o 
J£ JiJj ^ Lijll ^yKJI J^kJI oM <<jLu*j)M p '"•> ^i iiiL ^jjjJj^ <lo jjaJ 

^a^ill ^ <ajI^JI S^jLJI 6*1a 3ji^"Jj .tliJI <j-o ^>lo 400 pLaJ ^^^ic ^j"t^"i 
i-flUlJVIj Jj\ ^ ftJI &aA A^ij dJj dAj .JjU oJI aLL» a^5jj histones o^mni 

.Ifl m^'i Jj^. _ ifijli iki rt\ i^t"l _ < a"l" I o MiVt iiill 6JJh Jjl .jAju ( Jc I g tAn t 
pLul J tt*i"%j LeS, I J i-% <^ojj^^o Qi iii < n II CulS UI Lo <iill ^j^aljU *^J^ Jia " j 
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.(9-2 J1AJI) iJiJI 

(j-A ^jT 1 niftjl liA itl * JU dJBj .LaJjJlI ^JtJ *— SVI <> nift^ (SJ-^ ^^32 ^"^ Jj* r^ill 

^jl uJ>*-J Ladlc ^^JLjJLJI I j ft ^ ^ ^yJI J^jlLlu ^jil ,l\jft jIj^Vlj j^4ll Jji»3JI 
LjJjjlj Ij-Aj <J£.)^£J1 Jj-o TTJiJ (Jj"^ ^ Lf* iSS*^~ H6Wt pLoJI J J "i n m aj,\ i t 

.i^LsJI J^C «Lt^jLfl LjjJI fjja 6jH*\ ljlj£,l (jtj g> ^ ^ A**AJJ *^Loit Jj\n m iSjjla 
^jS n n 11 J^o Jjlj t (jnl -^ **^\>^ 4-^LaJI /J^- (j-^*Lfi pL&JI J J 'i n ■»> LjJ ^jLj (j^jjJjj 
<LL*.j-o ^1 <X.j-j J n" f, I LoJ_ix. ^JLaJI ^ j" in ft 11 Ij-A ^1 Jt^j' ^ CX>^ 6^ 

^IS <j1 (_^n Sjj-fi-a <lc.j n -s n *_* \ f\*\ m'm ^l^ Jjl ^Aaj ( «4 aLa </-Jl c-ftfcl iAa» Lll-La 



j^J JL^JI ^ La^ < ?3 Qj h j jl <j 1 mi l lj y K rt 1 1 j ^iLaJlj uijj iA t I I j 

^jl (J^aa liJ <<jlj^il <jjSjjoJI 4-Luai^ftJI jJb CjLIajj^jJI (j^j <^>^"j .«pL^I LlJjS» 
jl 1 'i "I "i iIj^jj 4 j L ir>il II CjI U h ^ a II JIS miI J-a*.l j-A LjJjI ^jl ^-a ^jjJLjIj £xj& 
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^ ^ s- fi 'J 

.10—2 J^ m II ^j 4 't j t n II <L ml rnVl 4 j K j () II LflJj < " <L \ j ftl Luaj-a-^" ^ o m"» 



^Ij *polypeptide „\ j " t % ±j±c jj& ^j^j-JI ^l J>aj i^j^- >^ 4 »j »^^ 

SjjlJI fj\ i^ljjjualj .(uiVl ^l «Uj-aIaJI CjI ij"j>JI (jJ LfcJd£, J-"^) **J^J rt VI 
Jj-o <j_^-a ^jLlujVI .^ m^ (j-A t frl"^ n ^j_lj_jj_» i— LH 30 ,J- a "-"> (J-° 4-flJj-aJI <LLolSJl 




j— II 4li_> oJl «LaLjul <.iA\1Li ' j » >n-s Jj-ooj t*-*-" 4jjj-aVI (j£>J) *-% ,11 £jm ^HJjjaJI ^jjS'tj .1 U-^ J^itill 



jLi. 



Ja-u j 



LaJjLC .ajLluJI >ifl i^Vill 



LrH) Urf^JJ^' *J^ (^J^' Ut^ Lr'l) - COOH <£.ja^aJI J Sj^a^oJI <j^JjDI Sjj -LjSjS <L«-a 
4 1 *<il <ii pLj"V <<IjjJaJI dJ^-J (j-aJLAJ I j <A»i «tjMrtVl (jojfl-> II (j-* j^-^ll JajJj-sj . (*<_£j^aJ1 ^Lui_i 
Ijlj <JjuLjjJl Sj-iAC ^ I "' I "'H aJJb ,. rt m" fA,Lc <Li.jj_t o .Jj u Jl j—ll <juLJI _i A > * a jJb Lo^ <<1j o^ 
L^JI jUii-aJI -CONH- <fcjn-> nHj "'j" J .* 1 1 <^L" ^n mm iaii U. 1 . 1 '».»^ (j]i^n^ ialj3jl ^^t Cj^-alSl 
^■U'iJJ 3^" J^ «*LJL*^» Ol J^^J .<U\j\i t tH ilajl^JI ^^-A ^1 ml mil ^l£. jjJjUJI > JUAA II wJq miIL 

-^uj^JI <;iiLL (jj SjJiliiJI tj^jjlfcjnjj II 4jlL5 (jJJJ Lo^ **_jJI^J ^1 <J^aJLa iLjkll iLutLuJI 
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J ml i n*i II Jddu ^1 UjJI e>(gy*> ( Ac *-.*■-> j IjJ <J»£i U I" ^ a I mja! I ^a^ ^j^ 

.j^VLj LaJ-^.1 ^j nit Jl 4j\j aVI (j^j| a -^ II AJ-A <jj^.j-qj H \~jj (jl j-JLilj (_^iJl 
<Liix6 <jj fAtill ollSlSJI £>1 t -0 J *\jJb qJ ni^"ll » moa dlliA oljS-* ^5 * <U_ixilj-aJLj j 
<-iU-i-o^l <j*aj a -\ II <j-° ^1 Tt a V tjJ£- dlLlA ^jl V| <(j^j "'* II CjLjJ)^ n U AJlA ^j-o 

4 j u a J <j^^o^. ^j^- 4^u ill CiLiLaj j-i (jilij jjl Jjjlc l(|"rl hl mi! i$ (f^^i.1 ^iSlj^ 
< 4 a n ^ a 4 i \\ ol (j*aj) a^ ^j- 6 J*-*-S 4 t m a (^j-2kl i_jSl^S sc-Ij^ S' i 'n II 4jj^3 **■£• (^J-^-l 

s? 

&] t^j iua JI j J^I^JI ^^y-i-A^oVI (j-a-o^JI ^jV *(j^jVI (j-Lt £_Iu^Lll j_a^ 1 j -s j j J^ 
LjLj_=J (gj^jj-LC* <CxJj^SJl 6jJ J-»^> a j) U U mil 6jJ 4jLd J^sJj (j>jJI f Q^^ "'J '"JMjl "'H 
^1 <<j-ajVI -jlc j i^U* II jia^\ <j-o LMaJI 4jLa^ ^ J^Lxuj ^^jJI oLgjJ>jVI ^>^*jJ 

t^j£j oli ^j .^11 ia-ujj ^j-H-a-^* ^i c-jLi^JI Ij-A ! > >Sj caj£ ^IjI jijl lalj «uj? m^VI 

<jLl^MJ i*l iojJj Lo fAj *** * 1 uJI j ts*\\* \ l,.lrfc S j i Q J dll ** * ^-^H-jl <J* <4 K <ti a *La! 

.?jliAr o^Kiim^ j^hn" ^1 iKashin-Beck <iL - j^il^ iojMi^ 
^-o^ <Tj Gj C j A olj-uj-iiS^jJI (j-o j mj (jjo <-4u**m LjjJI p^j^- (j^ j 

«CjLo-LS» (yi L»-o Cm n -s «u-flj^a*» ^^-A S^j-a^al 6i-A ^J\ ^j^ijJLLj ^1 ^-3UxaJoJ1 

tjl u ii j *^ j ^jJI J ml <n"JI ^jj^Ji I o : j a (j o fCodons (S^-alj .^) j^lj^JI ^ m j 

^a»j I ft*Mj < U Q 4 t^ijj.^. 4jljjI tJLl-4 (j^J .4 j'ij n^fl ^j^aj a *\ II 4j_a.^aj Ut j ^j 
^Jj Cilj-iij- -0 LS* ^*"t (cJi iSLtd[ <l t Mnl I fap ft-^ J^ij m r JjArk" ^Jl 4 -n! ^ \ 

$ O^J V COde (jj-ol JJ -r) JJ-ftlj-H (J J-^sljJI 4>oi <<JjLfij J ml unll 4jI^j 
2 J^fc.1^ L^j-Sb. ^j-a u-Llj^aJI j^^j-aljJLi .^^flj^a» ^1 J^lj t_4j-a* ^J-d LLS^_a ^j^^f 
^1 (j^°f * Ut^>^ Lh° *—AJj-aJI jj^'^JIj <4 j"i tnl ( j*a_o J a^. 4jljjI VI J^-nj ^jl (j^-QJ 
J t a" ACG ■** i-a <*»ij(^.a. 4jjLi (j-d k^JuJ^aJI jj^o-aIjJI Lol v j_xL_C 4"i m 21 J J ^ t 
^ja JJjx_* q] ^jN n t 3 'l>?» A I ^ J * J-^-l 'J** * ft l I iAa'n J j n" CA I j Ijm n| I tr\ t\-\ 
a. i i" -"V' *j . <— >j) I H ft j-A La-o j-^i (^i 'f^-^^H oLajLc^ 1 j,,*m a! Lup-A-a 64=4 

jJjaII Jliill tjUj ^I^JI j^£ fbVimVI ^1) 4^UII jj^JI ^tjjUII JAJL 
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«triplet code ^Mi j^lj ^ ( iS ^i\ JjUI) cPWI j>*l>JI 6^ o^ 1 6^~ 

Ol ^MUI (J^l) jj^lj-H Ol^lo ^J^l .JjJ m n H VJ JI <iUj lj« m<" mj jJ 
,—fl ^jLliaVl (j^* J <j-a ^te-** 1 (<-l[ ^J > HLj L^_jj^^-o a j iii^L 4 w j j U 1 I r r n mj 

j_j4 <(j-Jj m * H j J^aJj-JI ,—Lj— oVI ^ri o ^ 11 (jl j J I I L-J-flj J-JLfl .a_i— tuj-xJI 

lii^J ^MUI jj-oljJI (jl jl :<jL^.VI o^V lt* %° "" * " 6^? '6 j j" "'j ' "j" 1 . 1 ^ Ml ^ 

TGA jj-*1jJI Jjij dji^J-d AJj\^l mil <jt^ liLfl .ajj'mI f uli j-fljjJ L*JJ «CLLiiaj 

: La j "t c. Jj-Lj j-^-fl <lj-fl^!Lo (j^j aJ Ijlj i " ^jjj" "«j mjpjl mil aJ%" m«I " Ajj-Is. 

.«(jjjij^JI lj_A PUl» <JC t— ft5jJ (^l^a» 
<5jJlj <5L»V1 <j-0 P^ MM JjliJL» 6jjJ mftll UJJjOJl JJ^1j>ll jS^lo ijni^" uil jU 

^LljJI ^jSj aJj (<*Jj!) 1^. iLl5 CajI^ Jj^JI JJ*J tjV 'JJ-aljjJI (^^^ f-La- o "'J? W 
(1953 aL£- (diJfljJI dJj ^-fl .Lj^Sj (jaj m 9 W Ol j' j •% II (jja jLi^ C^l *^iJ CjIJl^j cjjjjj 
J^uijLuj £j£. p (_y-^* C^' ^J^f CH^ f^ '*i^l U* 'Tt?>^ oljrit n (j-o oLjuA ^jSj aJ 
OLIjjjijjJI ^-i «LfljjJL-aJI <l Tt \f\)l\ (j^j) o *^ H Jjtjaj Cul^j fLijJI ^_fl olj *"j *Kj\H 

jLx*.ji\ (1918 aU j^j-oJI) Frederick Sanger jJLiLui 4?^^ u 1 ^ : ^°^ j^- 

J^ jjb (i* o^j <(1955 aU, 6j^j!) ^jjJj^ujjVI (JjjjjjJ <jjjjj ^f^^ ^ c^^ 

.p^^-iii 61^ ^ V JLi^J ^-^3 JW"^ *illj-* o^ 'Luijij p^ mi 
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(1968 -1904) ^ajsU £j^ ^-u,jjJI '•' ; j ; * " ^ddi^ 

Big ^jhtll jUiV^I 5j>t-i jlU <gV j j k'-» i*_Jj i£U_a George Gamov 

<* iS -& J^j Lfl^i-i <jl£ .j < ^IVt J J_«aV <jj-1oj £.^'j ai^-!1 J-^ a^ Bang 

Cilj M nift-s ^_fl *Uj^ m (J^l 1 1 1 n II j-lS ^^-J «LALajjI J^-^f (j' Q*J. ^' ^j- 6 (J^J 
:JLfl j| £*_aV SjSlflj cJj-aLc aOSj .^IjjJI Jj£JI <JLlu-o ^J Vl <<^j i m» II <jj£JI 
jji n J S iti L^J /c-^J' >— ft^,jl ^ 3 II ^--fl r*jJj-oJI . J^-1J1 r*jL^ j) am cAjjjjjjJI ^| 

^LaJl^jj K>jJI dr-l^ll I $ K >tr> uJljjI->"i1I 6jjh ^b .^Jjill jjjLkt ^a rhombus 

^jlS i jjLi. J^_lluj .j^VI b *^ 11 ^j-a I (j ** * j.Sj 4 igjLfl-J H i -^, II £jj* 6Jl£.U ^jjjj^.^! 
£Jj) tjJJj^VI (jf^Vl L$ «oIJjjjmJ^JJ <*jJ t>-^JJ <Gl £_o ^^ JJ^'j '«AA 

^U A ^A^LSJI ^o^| c^l£ IjI <GV) !a=Jj ^L m^j (T... A JfLo «JolII^ d^l^i 

4 j \j oVI (j-aj-A^JI <jl c-flj^oLc jj-juaj dJJj J_a_j .(T <j>£-J ^1 ^ i ■> j j ^j^kVI 
dUJ Jjlj jj^ajlil aJi ,uua L^_LuajJ jfl h J La_T^' (j' J ^ nJ'unl 1 (j M S ^ ^i 6j3~ m n 

s* ^ s* tf • 

'Cj-aIj di kli COdon Sj-olj ^jjj^iir: <jl <L2k-iIlll Ct'tKfl <4 uiji\ (jJLi-oVI <j-ka^JJ 
|J <jV <LaA C*ji*j <-Alalll (j^J .<JI rl*t^J <j1 ^Uj ^l£ ^ill *Uuij ajBjJI jAj 

.4 K mnJI 6J-A JiJ <1j^1s Jjs-J ^ Jj V <jI <? ml n^ll 
lj^I^Ius jj-alj J^i -CSJ^I ^^-*-* <L^=»LL ^ j j -t n I I cJlj-oLt Jj-«I^>J (jLS 

4 h.j\ cJjJI jji p^ i <>" <j j-Pj.j K^J Sjtli J^ ^1 ^^jlaj «overlapping code 
3_.ljjJI ^ Jl^ AGTCTTG J „, I uUJI oU f l^ -<A5L5JI ^-IjjJI ^i 
j^Jlj .AGTCTTGj .AGTCTTGj .AGTCTTGj AGTCTTGj AGTCTTG 

J-lli^Llu (j- jj^ II ^i <u^I^1aJI jj-oljjJI o^^ ni^ cS'^^'l 'C^j^' LA-^' ^^j^UH 

^bj ^J^ (j' *^LH •-"' fj^j"*^**' «JIaaJI J u nt lu .A.W u nin 4jnnal ^j-o^-o^JI 
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jl^il ^ ^A£ jAj <(NutraSweet ^1 ,-n" ^Li ^jJI) ^bjL-uiVI i±L 



e e ^ •. S' 

Jj^.jj <U2j >( j-ijVl J-lUJIj dLjjl^-tuVI ^jAo^ UjJ'J *' ^j i lArt's II Juli ildJL-a 

.Jn"i^ o joIjj ^Lfi 400 = 20 x 20 dlLu <lj\* J LAa^ uj>-^ <*j.»kll ^ 

CCGA Jj-a <dcljl «jjl ,_l| r- 1 j ^ 't «t^ljia jjjA^j Jjjjaj-oVI <jJ-»Aa^JI jjLajlij 

CCGA j pUJ ^a^ La£) oJj^JI t^^VI U A*-JI CCGA ^U Jj.^H 
iLJ^ 256 = 4x4x4x4 .Lii JLIa ^ .pjM^jVl crt^VI a An-J1 

5jJ)h^ o 11 CjUjIjIJI 6J-4 oljJ Jii <<JJ3 A-aj .(t^A t^J f^J^-^'j) ^j"\^ 
Cul^ alfl :<_»£ljj-dl JjiJI <iLj! <j-o .lilin" jJ ?nj^lill ^1 ^^ic Jjj Ij-Aj fj^-tJL 

JjU'JI (1927 fU j^l>JI) Sidney Brenner >e^» ^'.jjh. ^>=^I jSj -t^^ 

(j-6 Ouia U ■"* 4 *tS o n II <LiSljILaJl jjualj^Ji < tfl^ {jl (j^J <iAfi .'4 K mi n 11 6jL^J a m\-\ II 

^l AGTCTTG jj-oljJI jUo IjI <\j£*j -V^ <j-=»j-<^ ^>^* ^^ u^*j>^' 
<AGGCTTG >IjjJI t> <JUJI *JU ^i ljJLu ^! ( ^ e «Gli ,AGGCTTG 

4 />j -%j <T iJ5lj-c, (j-a dJj jolLuij La «—o <I,.*K a j <AGGCTTC j AGGCTTGj 

* *• * ** * 

(^jJl^. j;i*J Jft^" <j-ft LJLc. (jS-ajj ^ CT*^ <<ij) i An II ^i^J 'Ut^JJ 1 ^' if* *t l<Ti^ o 
C*jL^ O^l mi n II ^J^.1 .P-ljJjL I j I J j" Cj^LS 4. j j ^Ull j^iJ I^JijJLl^j uj JJ ta ** II 

(jLi *uj^Ij-!Lo ,j-ix jj--o!j ^y-fl ^ ** "» ^Ij-A-i (j-f^ ^-fij-*-i * < j^ s .a-o-5 > ^1JI oLo^Lc 
j! (AGT)(CTT)(G..., J < ,t. H u 1 r 1^i_4 J o < " J -AGTCTTG... 
oljLu^JI ^ jUJj .^LJIjj liijkj ...AG)(TCT)(G...J «...A)(GTC)(TTG)(... 

JjjS <jl^j Oj^'j^ jl^y <^1>oJI oUIjJLll fuJ illaVI 6J4-J ^JlalJI iitLL^JI 
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liA ij& «(^^A-o ^J J^V <L^>aJI C*lpl^>5JI 6dA JfLft rt \ tsf\ 6^> UJ^f L^ V>J 

AGT <^ atn*: <...(AGT)(CTT)(G... ^ <^^ ^Jl S*I^UI J ^^iill <JHJ 
iLj TCT j GTC jUaVI ll^l^Lll ^LjpIjJLII j^jj t^ij^La ^j^'j CTT j 

La^JLtj -fj-3>j oLo^Lc ^j ^ u^i ^L l^li jjl J^-*^ 4-^f <comma- free 

. t— jj) 1 U ft H (j^j" h n 11 JJJUI Lal ftj ^J-A^ < <£■ j^j im a cX^^ tl)' U^ n * ' d ** n O^J-*^" U' 
<j4aj-a£ Lr k. (^^lalJ ... I I I I I I ... ifljjjlil ^V I I I Jtn n n «JtfLoJI J^-lu Ly j£, 

Ol j^ j^ljJI jVj ...T)CnTT)(TT... j ...(TTT)(TTT)... J^ J&\ Mjl ^i 

^ * 'T 

jJLfl <jUc»yi i^lj^jjl CjUI^UI 4 K ih ft y t^'lj <4jj-Ua-oJI j-aIjj_II JJ£. LoLoj jijf 

** s 

c^iJI lla ^^k. I ^ u^jg.1 CiJ-»l 1961 a.Lc ^j&l .dJj J^ift ^J ^jjUII <jSLI 

Mershall Nirenberg ^p^ JLijLa ^l^cVI Ijj* ^1 jL^l j-3j .cjJj-11 
sj^Ij dJj £j* cA£ TTT J LiL ^jiJJI «Heinrich Matthaei ^U^iL» j^h-^j 

(>o ^LiJI JoUI jfjVI j^-oljJI >* -^" *'^ • <Jf^ J^ 1 ^' L*"**"* ^'j «H^A-a 

<f\ .nol ^La (jt ^j (3^-1*^1 (^ codes j^lj^l la^ul ^jj^° ^^ -^S^ 

jj^oljjlj d m-Lj Jj-aIjJI ^^-fl SpIj-SJI ^>-La 4 i^tl ^ SLcl^-o (Jl9 J <J-"°J (c-jLUayi 
4_JLc i=h.jj_» P>-Lo t^jJij iiil II (2»^' oLii-U-ui j-i LajjJj ^n^ (^jJI (j^istiJI /fc^JT* II 

(jAn^.11 ^1 ^ .?■" ji^VI ^,-Lc codons Jh»Ijj £j*m ^-Lc ^j^-jj ^LUaVI ^ 
«GV *Ia^. JjU. cjLILVI liAj .(11-2 J^miII) ^i5^ c*^* ^^J < A , "^' 1 cr^^' 



(jjflj'ill t>c ^l t "t i ii j LljJI (^j : Jjii jj_t tilJj J t i\ m (^J dJij «Llc f Km jJ ^ill *LjjJI L^ujj jil (7) 

".^vT jAiiii (j^ij) j^s ^a uuu j 5Ui uii ^ *u a--ijjJL 
facebook. com/ketabme 







y*£*t« /$£ W3** *£& 




<_,-![ J^^p UAC SJh-oI^JI oP 'k '"^ c>° ^-^ S*1j_Lll o>^ lj[ <JUL«J1 Jjj-— Lr le. .^j J>a JI 
<*VVI u^^"^ 1 ce*^ ^ -O 2 ' 2 J 1 ^ 1 ) J^bj^ 1 jM u ^>^ <J -^V .(Tyr) uejjj^ 1 

ACG J-oljjJI -_ lo jj m' Mjjai .iJUJI <i>i. (ji Loj m^ *VJLc ^J^ t-i'tlnrt jj-»ljJi u^J ^'j 

.(Thr) oej^UI Jl ACAj ACT j ACU j 

(jLi IjJ (^Jj^^jJI ^1 1 o n j n ^ j-*>» CCG j CCA j CCC j CCT ^Li JliLJI 

*l^lj t-i^>^. j^ij LX>~ L>f*^ i>" **J 'f (? rt ^a£. ^-a^.VI c-ij-aJI rr m't ^—fl Ua-^ 

*Ulc ^L (3-A.iVT Jj'iill ^£ i^buLuiVI ^Jl TAT ^1 TTT ^ j^ii-HI ^jJj 
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j-aljjJI m j ft-^t (jaj d^j^l . JJ r r\ II l«i-$-J IjjjJ&j I 1 1 1 a| jj-aIjJI CxJ^J -<2>-GjiJ^-" 
(ujjL^HI plj^.lj jjjt"ll _i I (j* '^j° 4jjtltll /tTJJn rSLpJJ <LLi ^jn mJIj ^jVI 

.Jji <^a Ljj^J la£ 



jl d > II < U mljJ JJ-eU' ^^-H £JLaj-a Culii 1 g I j IH ^^L^' <&^ <\l*W Lat 
4-iikJI Stfti JiJj jj.^^o UJI <jt ^Jb 4jnil .uVI 4KmftJI .4flaJI J^Jj Jj^aII 
LjJjI *<_£jja^j .L^j 4lrn^ e\\\ Laj^L>j**M mil ,-i £jj-*j oLiiJj^Jul J),"^" (j' Ut*^ L** 

€<sjjiA f\ mi* II j^ Laj^Ljpjn.ll ^ jrju^JI ^jU" mm V '-ij^i <eLiU j^ 



jjbj <ribonucleic acid (LjjJI) ts^-" lt^j-" u^^N J^e Li* 

<LjjJJ ^^ill Ifl '"*** i*L»JI 4j't;H <JjjlII 4jmjJI (jja j o ^ 1 1 \ .LijJI ^ S^I^J >*^ 
. 4j JjjjdS^aJ J£.I^S <i-a /e-tajJ CjI fl mi^II _ j\ mi II J^a (£jli Jj-a£. <j-a t_flJLi3 jjjjl 
cijoJI Jji. llA <j-a) (j j^ ni^ VI (j-a^oilA Ijt^J (J^J 3>^fJ >>* >£-"J' U' Jf* 1 
4jl 10VI <jj^ n«<VI SjJ <j-fi Jii^ fJ (LjdJI (ji ((J)) vJ>aJI J-a~a LjjJI ^ «j» 
>juxSjI (J-*-m ilj a * /j *■■> * A M * * II * (j-i-aaHJI Ljj At, 4 iALaH "'V* O fl" LljLj .J^o-ljjJJ 

g. <AljJI <^-o ^ii-J .(12-2 J^ mil ^ U) Jj-Sj ui!>LliJ j>^j j-* 4_j 4 ^ luJI 

^j ^ j 5 i A II j^oojjJI £y& Vjj j^jjjJI AjAli ■■■ * IjLaJ J T J-a-a U ^^JJ uLaJ LaLaj 

iJajSUII ^i^JLLVI (^£. Laa.Lj cdJj JjtjSj ^1 j^jj J[ :^^>iiJI Jj-ojJI ^ ^j^ m^VI 
oLi!^kVI i=^!j .p^^JI I o K .n j ^1 ^^.aj ^1 ^uIa^jjj-^JI JajIjuJI <5>5 (^i 

d 4 1 , >^y I SjLaJI ^tS LjjJI ^jL» (^i^lijj .J_i_2k-j U i-\ ^j^a c-Li^l^o LJjJl ^jl ^aJh 4 j ih MjJI 
J^,lj-a ^ Sj£lj-e 4Lk.j^a ^i 4*tftihj ^^k- ^Jjj^ujI IjIjJlLujI jj^VI Lj^JI (j^J <jj^ m" 1 1 
I tr\J\ t— flj i^j*ij ^1 o^-aJ LjjJI <j^ ilk^^Le 4jJjJI AJ^J AX.jJI (jAaj jij Jl5j . j^lajJI 
£j-a :5l i'N H Jh-^I Ojl <Ai o ^a 5J-a.lj 4J_uaJua J-2^ 4_Lua^aJI 6J-A^ .^jjJiil *— flj->v\l 
4 iAj Jl |x1 (4-JiljjJl SjLJI ^Ij^JLcuV 4-jjjj .^11 oLa-i>iVI) i^U.jJI (Vjt J^J 

.(CjLoj^jVI Jjds>l] iijjjjiJI 4j5Ij>II SjLaJI) 
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^ tjjnj'JI <jK-o J( )U7i (jjJI <U «Jj-ujI^jjJI SjtU .12-2 J^iTtll 

(J J* J ■*> 4x,^AA w a ^iJlLL» J) t rtj*i 1 1 £j£. J i ,<<il^ftjjl t fll**t">j .Lj^JI P(jj3-^ 
j_> rti_tj .^j^VI *^JaJI (JJ» 4j3j_jui.1I ^jJJ n hJI <Jjl>ll .Alt (CH 3 ) 

yJI ^Lkii-JI oLiiJI j^J jj*.^ iaL^I <L_Stt ^1 (H—JI 

_ LijJlj (m R NA) J^o-cujJI - LijJI Ij^jj^j .LjJI <> ^L 




U tjLuJjjj 



iLc &j dlLlA 



cU^Jt Jl Jiij oV ub— JL - UJI ^ <JjlJI ^i ^J^ .(tRNA) JiLJI 
Jj-t^jJl UjJI g. t '^ io"t ajj <<JLujjJI JalJajJVj . L* j^Ljjj-uJI JJ LjjJI ^ Sj-aj_-JI 

template (^^^j^-aj t r^^) ^L^S-?^ U j ^ H <_i_U ^la^l mL <LjJ jljj <^j^ 

<LJJJl (j-° Jaii J-^JjJ Hj^h rr m 'u) 4 ilnf. ^_fl aJ^I ih ij .J^a-j-ujJI - t-Jj-ll £LaJ2 
ib. 1 ^ J^ <,, * ^ i<^i 11 J-oL^ ^yJ A.J_aJLtJ ^jJI 4 m S 't U j ^ II 6jj^)-tAJLj c^a-I c>^-l 
JiLaJ La (Jt J i^»Vt V ellilj) Uj^.11 JJa ^Jc <U*±_U fcU-jVL Laalj g m'Jl 
J» i^j-uLujj l»-fij-a 4x.j.in t Li__jj£u rr-MUul 4_i_La_C jaOyVtj , /q-oSjuLi t j-fl J) ^"ni ^JBl. j.jj.0 
( — II £-_L_*_j^ 1 4 ,s\\ \\\ >— fl Sj-cUfi (JjjjL» ^^-j CjLajI C 4 II £)-* LijJ' j' J * ft J '^ n m m m i 

LjJj Sj-C-Jj S-i-cLS ^1 A_oj ,4j1_sJI «-i lili J-al-£ a aIo 7*\ ut\*\ tnV CjLcLuj * J ih pu 

^ 'i ji 

^ i »J pUajk>U 4 ~\ *» t r* n II CjLaJjjYI fj\ VI <<-UaL__- <JLjjiaj p inTt ^J)J I rt (J-^^l <j-o 
(JJJ^L» 1 O J$ ^i Lj Jj J^-lj Ua^. VJ ^tn V ilu^J pUslLVI a k* fi *^ '^"j <laij 
J^dLuJI Ljjl tj^^-* c-ft-fl^oj-» ^((c^fl^ttjJI» 6^-olj (—![ pr m\jl J i^>j I nTif j .6J-cLi 
jLoL^. <Laj^ljj"j m II JJ C£Jl>^ fil liiiJI a' Min ji£. ^j^j^ UjJI ^^ ''^J*.' L^%J 

. 4 \\ n \\\ <jLq j1*-a 4jua 

JljiJI) jLaj-JL iiSlj ribosomes ( cjLoj-uj^jljjJI) cjUuLjjJI ^^l Iia 

CjIj <Tj I ^ II ^ji 4 i^i .^^" ^> cjU^S-a) «LtjLk-oJI <JLlSjJI cjIj «A-» II 6Jjfcj .(13—2 

Jjoajj i i^> ^jj"i l ^ t N ^j nVt LjjJIj J^tJjj-jJI {jja CjI a n *\ " ^^b («Li-C^aj i_4M hj 
^jJI Jj-tAJjJI Ljj-ILj Ja-pj3 Lajjr: 6Jj-La 4j4jhj Sjj^j ,-i J ^> Tt a-j <(j lj I '^a** ^ 
4 j -\ I 'i II ^j-a j UI ^ ^ lU u-i^a-La-aJI Laj^Lij* \ mil aJLc. ^Jl 4 * lA II Sl^aJ ^j^a j* * ** * 

il^^JI 6dA ^i 4JI «u^ 1 ^ (5^1 Loj^jijMtll >kSfl (jjSJI U ^ l : ^<1 l 
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<> uiJLLi ^Ul .tRNA JiUl L^JI ^^. J£_£ <^li j>kj «14-2 JiJUI 
S^jJLi-a is-ki ^^.Aj «anticodon Sj-oljJI <LLU_c <1L± jj& JjVI J, <l a l^Jk*- 





w? 



6J-^j J tS i n't I L*-e (jld^jj ATfc-nJI ^ S l**t ^h rt jjjj^S-a ^a J^jjjJI jij-u i-jJ^JJ * ■ »3 - t <Jiudl 

«* " * 4 

tSjja^JI Sj^vjJI fc_flJtljj .Ijji .«-i L» j i -- ^ S*i^J J£ J!Laj .r-1 i.Tt'tVt 4.J^f ijJ^. frljjl ((jjLALjJI jjJH 

^aJ i>j .SacLS 120 j 2900 ^IjUI (3-U U^J^ £j_u <rRNA) ,^-^1^ ^ ^^ t> <L^J^i 
(JjjMjJIj jjxIjJI oLiijj^jJI * a n-\ £y> Sj^Jj 4 -^ m 'i j StitLS 1540 j^-j <uj-lo *a^Ij lt"" , ^^j ^~o 



a n" n 1) J-"' tgjj) (jjM* u t Sj-oljJl <U il fl ft (jL£ <^jj*ij^jal ^—Li-oal gA a ^ II Jj^-fJ 

4j\j^jj,\j(I II JajIjjJI <-LiLk-euj CGU SJ-aIjJI jLa-J ^jU" m j 45UI GCA 
pj^aJlj .^^kVL Lald^J " j^/v* $ " allill ^yickjj-ii j "V*l" LoJiU L^_» jjLu&jJVIj 
ijl^ Si* ^^Ij^VI An^ll attachement site "LLjJ j-5^" >a ^ ^ lt*^' 
<jj tf-^y^J\ £y* jijili jLUj 4 u mi II j^.VI O-^-li j-^j *c^jl^' o^^^ " 4 1 "'l M| 

.<JL=JI 6iA ^i jjju^jVI 

^LS-^L> C> t U jjl JJLJ .LojjljJ)" \ H I II JA.U i-U"* \ Lo J t%"\ (jl (j£l * lLj ■'* 
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j ^J ^.iiJLuij «U». Sal*-* ^je^ 1 ^L^^?- 11 «URNA) JiUJI U^JI *^^ .14-2 JiAJt 
^ilj-J \ jUjU^ 3 i aj a *A\ jL^jjJI ^JJ ^jJi .LajIj^I jI^j Lf j-ll di a u. H L*jj <4x.j^l» <jJLAaj Jli-iT 
<J uAju* ^ *.i^" ,„ Jl p>aJl ^^ \>l>11 <LU-a UI .»tf^->U f UJI JS-^JIj (oUj>*J1) j^ljill 

j-jljjl A»^AijJl j^Jajj <t j tiall *_ij-aJL -Ljjj-*JI l^mluLIaJI < -j^Vi ^Aa^.IIj Jj-^jJl *JjJI yp^ J-*'jJ^ 
fj^jjfcJl SdcLui-Jj ,( c j = ljV1 Jj'^iflll *jj**r* Ljj Ll4 J^j) p*.»*^ J*^ ^J ^(SJ^ lT* ^A>*^ -^JJ^ 

.(isJJ ^j* <L-Jjj VI) 



JiU Lj *<^ ^isi, dJj i\j\^ .(15-2 JiAJI) jL^UiU 41LUJI zy*\J\ 

IjJfc (j irfTt *!i J 3 .4-ULljjI ^-5^-^ Lf^ (3 ' A ""* ' rt U^H^J G U U _J Sj^alj <J_il_3_a jJ 
iJ^JJ ***» ^iS^^ Sj-lA^-g <6j-aljJL» SjMftl^Jl 4_LLi-6 Jogjja . LojjLtjj.t mil __fl jJ*A 

ISS ^ 

<:4_jJLjJi SJ-aIjJI LS ic L^ jKn ^_fl ? ml tjjJl Uj ..." ^t -^J -J^l L>^"-^ U^- f' I J 
6Jj-^^jqJI pLaj) 1 1 n II (J^-^Ij^ ^j-^J^)- 1 ^' <-LluJ-lu j) f\\"\ 1 *^ 'J -^'J d lL&jlJI jj^" 
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(Ja-jj-ill ^ ^i^a.VI 4r-j*?* *mRNA \ Jj-^^JI _ Li^l ^ <*^jIj ^j^I JjjU" .1 5-2 JiuJI 
.^u^Jl ^j SjjLUJI ^a£. oL^uLj^JI ^jlJ Ji.b jji JjtiJI &j^j .(tRNA) J5ll!l _ LijJI ^ J*Jj 
.G UU >>IjjJI < ...I m Lr Lc ^jjJLs f-is^i Ja-> aIIj CAA SJ-cIjJI 4-LU-a jj JiUJI - UjJI .U.^, 

j—Lc j 3.J i m ij ^J-tjj i m p^j^-a— i J-aa-oj UCG Sj-oijJI *LL»LL-o jJ J-*-' lM" *-*J f J g J L-a ^jLfcj^uu 
^^jLIj JjJjjJ (j-JjJ '" Wj tl^Lij' ^CSJ^?- Lf^i C'L^jjVI a iA't" lilJj iXJ .AGC 4 1 uJ mil (£] «<Gj^alj 
^jl^-o ^ >kl t^jJU j^Jj»-j ^ fl"t K I IJla*-j j^a-aJI CAA JSLiJI LijJI J^aJJ (^jJjJ^ui _ JaJU ■ W" t ill 

.Jj_lujJI _ LijJI 6jJ"k.j (jJJI f-jJJjjJI J^ij Ju3^»U (_jjljJ <LuiLdti ^jJJJ «LflJ^laJI &O^J 



Lui 



Ytfl 



UJI r^JUI J£_£JI ^ t^ LLilJlj oL^LlJI jL: j,L CIjjJI (JaJ ^^-^J 

La£) LijJI J[ LijJI <j-a CjLoj_L*1I J1113 La lj-=k Ijjbj .^jjjJI «— L^JI <<— 
«wO (J-fll^Li UjJI p^j-a* (J ^-jLjJI (J {jG^JJ (j-iyLflil j -% * II j ,/LLa.V ^j-j-jlu 
J i^flll (J Cj-a-ojjC La£) djLoV ^>^ J ^ niVCil <j-ajLua^JI uJjjJ Is^ua aJl£. 

•(JjVI 



Jj-a*j *-Lj^ <<j ^ ,^|j UaJI 4-i-ij iij-a-^J Sjjj*\ II 4 j n aVI <j^£* tj! tjVI ^ a * 'w 

jjj**» l^jlf (3^°' (c^t 2-°j *U^4 3^*^' i> V*V cr*"" ** o^oJI oLiL^-lll ^o j M^ II 

^ya ^^i u V j»JLcj CJ-AIjJI -laLuulll (j-o JL^?" ?*J^ H ^ Lf^l *^[ <^ft(| Jfl ^LjI^j 

. 4jijL^JI a '*j j ^ *» 

^jl ^i m /J' f ' '^»I^Q-U ^-JJj^aJI (jxjLto^fl «j^IalJI <LiLaJUi < 1 io1l dlLi-A fV,jl 
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:UMU ^jjlJll* ^-LcuIjVIj ^ ml n II lliLaC JjjS V j5 .JjVI J^aill ^ UI n^ i 
jnft Laj /j-Aj pUa-iJi <_iS**^j ^jl ^jS nj «Lj'ij 03 I (j^J n t llj ^1 J-XJJJ ' \>*-" p" "^ ^ 

•f 
LjjJI p^jjs* _*^"j * jl (jJLjJI J t-ai II J^ im t LaJ-lc 4 *\ UI ^ <jL»j-Ia_i LjjJI rr nil *i"j 

^-nj-v «oli j_i£ Sj^oljJL JJaLj Ljj *(5J^ -^Pjj j' <UjJI l^^^ Lojo£. t V>\ Jj^-ujJI 
^>5£S L^l a[ <S^>jLc oVLa. ^Jh <(^JjVI la*. Lo <oVL*JI aIa j^a^J <dJj j^oj 

<bJ mi^ S>iia ^ft mm ^Ul flali JjVI tU^II .<K a mi-% II ^i t^ijJj 4-iLaJ1 ^ 

ijldj ^J 5iLLk SjU^ ^1 <jV ^ .<■-> II J-oL£ ^i ^Jj (Somatic mutation 

germinal S^jS^sJI J\ <j^h^i\ S^lkJI ^1 j^ikJI ^ ^^lil lia ^k J>IUjj 

.mutation 

s* 

UujJa j( s ^aal (j^° Jj ^ H '-'' ' M ^ J-5j <jlr>^ J-«X. rr mi! 't UI ^jl w «AljJl ^a 
j^o^Ja f^^H / LU°* ° u^ '* ' Sj^" Min <ij| a f <jl_i (jJbSulj £x5~^-* (J' I *< ^S a i j . HLLk 
aoj ^ U j ■■■ t <Lj| i— l-aj V^ .Lj-A ^j-jJ^j^.^a-0 LiS LoJ Vlj <Sj4lUI "*'j DaJl (j^ * * 
4 j l-\i J£j ^ji UjJj J jj a ]| j -aa JI c-jL^ujI ^j-aj .J^a*jJ ^-o 4-ii fLlc.j-jkJ ^ 4*t^ 'i mi 
.i (j "*J*^ '*^\y Ol j ^ h II J t>XaJ> (c-k cHj^^' O^JJ? "** A " ' fl ° * A ^P J' O *?J} <j ** ' " * " ' 

j UI .1 A /<-Aj <A-A^)Jl (J -0 ^>J >S /c-k 4gJ)" "^ J LjJJl ^jl ^Jb LuO-ll J^l U* Ml tiJLi-A^ 

^) p^^i, ^1 j_o^ V j Jj^UI Ujlj .ti a ^ Lllil^H introns ^Lv^VI u a *,m 
^j ^exons cAjj-ou^VI ^n .uli UjJI _i <L$ a II pIj^VI UI .(p^ J/n 
ua5l^£. <S\ ^jjjjj (^li oljjjljyi ^i cjIj^kJI cu,k lalj .<JLLill Jj^ojjJI 3 UI 't a 

■c 

(j im^ lj .^jjjjjj Ji-i ^^i^. u I ^ "" V ioSIjjJI SaLJI tdlj ^V <Lj iAt II ^^it 
facebook. com/ketabme 



4-x_±a_LJI <jl dLlj «cJ-Jj^^^IjI a-xj j-A (5 j mm .11 LijJI {jj* I^>J-a^ l.ft, uiJ ^jLfl JajaJI 

4 iVn Jj <4Juo Sdlli V «-Ldua_i LaJjLC f-ojJI Ij-A <j-° ( j-saJLLlJ! *Llc Lfl lllJj > a K" 
^1 i^jAill Jjj-oJI dlJj fJaJl n (jl (c-A*J *^V <La J^> ,JI ^^J^- 'j-^ -JL^-VI ^a£- 
( _A 1-ajjJ .J-Xj L$£>jJu> aJ 4_LJoj j*~ajJI ij-fJ (lxj^ La-» J «I V* f- u A jj <iiUaJI 

aj^aJI LjjJI IdAj .(^jAaJI AJJaJI LAJ^a>j iS& JJLi W^ <jA>^ *^J ^Lf^i ^7~~ ^ 

j^M 4$ utt\ II £^-o p,— u!u 4 1 o -\ j (£*-"! LjJjI (j- /o 98 J-=*-J (ji *\±^- rf-^-l^ (S-J^y ■'' 

«Ouuljijjjl * "t i ^i I j-sj-g *^I j. J» n t JllL» JajLfl 4-La /oZ^ <A-oj 

JIj^Ti /nVLfl .LijJt CjIj-LU ^j-o <-Cj**~ n <-C j o -^ a J\W\ <j| J <j m II ^j-o 

SdtLLll j-ojJ L&JjLa Lfl luIj Sd£.HJI J-«JJ SjiLUI 6j-oljJI fj\ ^ A»-ftA <-Qj"^ o CXJ-^* 
<UA£.L2 CiVIj n ml dllA JJj A_aj .J&SA jaL £-jLJI U^*jL>^" QJ^? '^J <^jl "">VI 
c_fl}LLkJ 4-^. j J (^-i^ j j "t *i II 6 jtj U a ^JlS^ILjj <<JLujjJI j j i " ^jl Jj ^ aj (^j-^-l 
iflL^yi olj-ilaj . t jfJJ >- >jJI (ji ^yJLcaVI (jAa^JI ^£. Ja^LtuAJI ^^liJiVI (jAa^ II 

j1 oliL^I ^ deletion mutations J1&JI c^lj-ila J addition mutations 

T _s^JI ^si^ jli ...(ATG)(GTC)(T... iij_^JL ...ATGGTCT... ]^12 Jl ^ 
J c^ dJJ o- Uilkjlj ...(ATG)(GCT)(... <ij>JL, l^»ljj Jl ^j^ ^1111 

.JI^Ail ^^IaII ^jiiLuo^VI SjLj j! jLj-cJI j^iJI (^ii <j^Sj ^^ S^ikJI 

^_fl^UJI Jjklj aU&IjLj 4*1"^"" <£\\ja. ?jn^ ifcL^ k-SJjJj *CjjLj Jjjlaj iijLLllll 

JjLk (j-o lIjSaj IjJj <Lujii IIjL tj^*^ u^?' cr^ jjy^"» J^*- oj^fJ . c^ j>j ** ■» 

6J-aJI ^*i\" i <i \ fji <j\ \ rtVI (j^ij n ^ II £ya ^-tC^j ^j^ CA-OA-l^Vl JJX. <Jri^jLo 
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ijja f jjJI IjJfc (jJJ Li^JaJ jJSj .cJj"» mi n i.fll m, J- LaJ_Lc Upil ^^iJI <L-LojJI 
li i^ <L^a 0.*"*"^ j^At <UXa£. jjIalJl ^j! UjSj (jf-&* <Jj^l J »^311 ,-i CjLojJaaJI 
J-"' luj ^j£. CjLo^J* fiil A-o ^^sjUlIj CjLoj.U n H ^j- p J^J' '*AA Hln*i <JL^ «i^jJt J 

c^ViLuJI < i 'i ,n"» ^1 cjLLki^JI ^ ^inV» <^j>=JI <^LJI o' ^ •^^ Jl 

q"I JLa * 1 (j L t j * <l \eS LL^j (2 — 1 tjS mi ILj J-k^cJl PjjsJI) L^ljj_u!u rt-ijl^j <„i m^t 
<Sj lr> t m II o 11 *^jL^ ^ J P> J J J-alj-C- JJ " *J 1 'Aji Cj) j fl U II o^J-^*-* ^J 'iS^J 
a ,,xi"ll j| / a t M . A X Jljp» uj^ s5' /d La j " a '* J' J^j-fl ji 4jj^jJI <jLdLioU oA>*-*-^ 
• o ^j^ m vi p-^^a.) Jj^lu^VI (J^i J*^?* J" 4 " 6 (J Ji'y m< ^ LT^ l^J)" 1 ^"' <Lc ^-° C iu^ju 

,JI LjjJI >- >j-C LjjJI t j-° CjLoj U ft II (jLj-juj J, \~% \ (£j£jaS\ IJj-aJI <j' £"°J 
^gj^ft^ i II p*ijj j Q ILfl .CjUI 'iVi mi VI (j-a-a-J dLi_A o' ^-*-* Ja^.^-J Llj[ V| <o-AJJ>jJI 

Ijj p^j^. f \ i^> ,-i <uo^*i m \ U i-% II ^j-^-j Ljj *c£J-^ («-l^ c£j"^j rGtrovirus 

O' t— flj^j-t-Aj!^ I ^ ^1 ..." \\ { J h s*.\ £j-& d o 4 ,Aa1I 4 t U II 4-aJi ,>ni ml h j "n II £jjj_a 
j^aul «Loj^LLo t^w ttt\ (_£jJI ^jAjjjjiJI J^J <(HIV) ^j-iiuJI .^cLIajI jiJJul oHJJf-^ 
0*=*>*fJ ^Li-^l jU-9^' f> ^ < l J : (J>^ L>"JJ±* J* *(j^^') V "'"^ I I ^LaaJI 

(jJr. 1983 aLc Jj>c. jl ljuj^jlIH \1a o^j .Lfl^Jl^ 6^-*^ *^ ^j^*-l .^ »'!-> II 

<o^jLj (j-» jj" ujI f J-f-a-o ^ Luc Montggnier <jj*il" **j-^ djJ o-o J^ jj 
SasJLJI oLV^JI ^ pliaj m 1 1 (j 'i UjJI „^ i n II o-o Robert Gallo jJLt cj^jjjj 
Lojjj .j^mj miM^j oL^ ^jl^^ isuoLk. ^ Jay Levy ^^iJ ^U.j <<jiij-oVI 
p.JI L^LL jj-o £ji ^j *T-Lymphocytes i^lsJI i^J.11 Ij^LlJL jjjVI o^jjf^ 

<i iriNt II 4A, Mil 'l II ^ O 111,1 I M^i l^Vu La-jjjlj «U poLaJI U^JI Lf-dl *)kjsLi tp\ .^ * «II 

^ LiaJI *(3±^ Jj-^ ^jJI o^Jh^-" o'^ J <^j .reverse transcriptase 

LjJjI IjJh o-° <i -^, m\j ^j-UJ^j-liJI LJ^)JJ LjJ 4 "^ i m 'i ji j I -^ "i i >iuijj>I aj Q « a i « .^ II 

Lijli JsL^kJI ^jJJ-a uJ 4 'n m 'i cilLLA rr i <f%j <LLa.j^ajl 6jJb J-lc « a '^'1 . fc t t.\^ II 
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S *- " 

jl^jU <jjjjlj ijU II ^-1 hm'i! iJI At^'i m.L LljJI di j ^ U^ULil (S -^jj \ a II 

(jJjSjJ <-ojjLII CjLjjjj^jjI *-ljuaJ ,— ujjjj-LII iSj-^J*" Lj^h' ' () I a a j <_j^l oIaaJjuJI 
.^JljJI LapI itif. <LLo J*s ini <_£j_LaJI jlj ^ II <J-o *>»* /«-^ <^-lj" "« n f<-j I A II 

j^oVI « T i imIj <•> II CtSjJI _i 1 jj Y\.V%j a li a I II <jJLaJI rr U m 4 j I n » II 6jJb J i^>!" m" 
<ji I lAji aSjji-aj ,^^a.i ^jIjjuI 4 .o^ s\ (£\ 6LaJi <jj_iAjJI <£.Ll& ^j-o lU^ c^jJI 

' j * a Lo-4 < Ol->LL> j-<-jj-I I 4J- 6 4-fcj} *t" a <Lc j) a ^ a I i_i Hiifl jJ-aLc j^A (jg;ji| $11 ^jujijjlaJI 

£\j$ a^r*" pj^it ^i restriction enzyme j.u^"II jl gj U"iVI ^^ UI 

L — fl <j J-kJj t KjiJl dX.ljJLJI ^j- 6 ^j-t t a j i ii 't t_£jJ-J 4 \*S a ij <dt_ulj_^J1 ^j-6 4 fl l*i Ai o 
6J4J t mi n f Jli\ i-flj 1 n II * A^*t £jt U^-°fJ *Mj-«^l I i* (^ ^^Jl t^J ^^' ^LO^ 

aJsJ L»] .ligases pljUbUI ^^-^ cs,>^J ^L^^ Jk^J^j Ljl-o -Icupj iij^UI 
j fi \~\ oj -h <LLi l^JI 4jlA II ,jJ LlaJI (jx. 4 13~ m/1 Sjj-juaj n inTt" ^jJI LiaJI 
oLl^ ^j <plasmids oIjl^jMJI J a ,t,"* ^j fvectors Jil^iJI u a .„ij 

plj^] J a nn ^1 J^ljlJI oIjj^ ^a 1 n" j .LjjK Jl ^ Sj^j-cJI «j^jUI Lilll 

Sjjja LL^uii (J5I^JI aJU C5 joj .recombinant DNA v^^^LJI UjJI ?^^ Uj 

£ "wiH g KA" Jl SjAt'inioll Jjil J<: ^.j ^1 6^eJ - DNA c,one ^^1 ?I J'"'^ 
4j^JL«-JI ^ Lo^ — jl <<jiljjJI 4 no'tj 1L ^j^uijVI r)i->l (j-fl ^'^? L^ «jIj-JI 

.iiLoVI <jj tA^JI ^ ljda-o a ~h Vs itiA^. _ ?jn-sll 
(J^jJI ^ 6 j nil t ft II iJDLJjJaJI J fl mi j lajJI ^-A J ^ "l I <jlj^. ^J^ Jj-t> dlLLAj 

,j\ % II (^jlc ^j"^" ^>ljj s ^ u^^ j l» u ^f ^^-" m icroinjection ^j^iLJI 
4 r,fl a <jiiJI ^Jjjj *3f*^ u^^j °'^ ^*7^j S^j[ ? U mJjj <LiiJXoJI 4jKII ^ u ^ -^ II 
iJI j-*j5j {(jj-sA <-ij «A r, cjKI" a a (jJtfi. JiVt ^^J-t jl) I o"Kl" a a ^^it, jfl mil 
Liij'i (jS-ojj .Ioj4 1 1 ^ fl jj iijuua-JI <fiaJI Sl^j ^J o^*^ &>La~JI cjLjj^JI JL^jV 

^ (I ^ * J j *•"•* £^'J-^ OLLi^JJ r-l a 1 11 II j 4 AL II fil nif >-i aI mfl olvi^L» Qu *^ II &-&J 
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L^UJI (ji»>Jiifi electroporation ^Lu-JJ ^L^^l ujj^I ^i Lol iiI=>Lk <^L *»< 
Ll h . t, ^ ...<*» >-j^ «bioballistics Ljj^ll cJlsiUl 3^ ^l *j->IH U^ HVsaj 

"* «, -* 1 -S' -S' 

liA ^-jj^J JL5j . 4->-LaJl J^kJj ,JI ikLuj-Lj ■ fljJLJ fJt 4-kSljj 6jLa_t S^JLusa 4_ljJL*-o 
jjlL ^jo 4 n m^> ^11, jLJI ^HL^ *^^ LT^ (3^' 'Jk^'?' LLdjJ f^^l *A^' ^ ^(j nifti 

.cL^loJL SJjLJI ^ LsijIj Ijjj ^j1 aS a i^AII Ioa ^l^ ^1 jaj <iljj£l 

,*i JJLsoI» LjJI * p °^ (_5:j-^i 4 a^ a 4^j*n dlLlA «jLUI j^LLJ ^^ *~f ^ ^ 'Lj 
jl <DNA profile UaJI c*U-^lj-o a-i,^" J£_i ^LSj ^111 ^Li^JI j^tU'll 
uL-i^j o-iL^j .DNA fingerprinting UaJI ^.^t djj-^Ji <iJSj J-i? SjU-n-t 
c^>12l aS <fUj)U «U*1*JI oLaHI IflilVi <^HI JllaiVI ^j ,<1j1^J| j^L^VI 
J_aaj ^aiJ^-luI c-A-xJb j_aj <Henry Faulds j^Jji <5jj-a J^i ^ 1880 *l_c 

O-^^j dlJj JJt-i Cj a J -^"t m J pJ! <J^j-Aj) 1 ni n ll 4_jjjJ& J v W 't 1 4_L*-lujS *^_*SjJa ,_fl 

4 J l^ (JS ,—H 4 H ll i/*il (J^JiJJ (J* 6 (JiO^> ntJI j— 11 «— fljjOjl 4 U nf 1 j" M <4*1 m <juo 
AleC ^gj \\ -\ td^-Ii J-x5 <j-a «LjdJI 4 a "~\}p tijJU La jL£ajI J-ft <4 a m-^ ^j-fl 

(j j" j i^LL 4i^>A-o ^l i=^U-j 6^»j .j" ,,. ,,mV iA-aLa. ^ 1984 ^U Jeffries 

4 a i^tjll 4jMjJIj SLjjJI (j-a j it uaJI iiJL ^JjLi-« JJJ^" tj-'j^l litlSlll 6J-A ^ 
f^pllsJt < T JsJI ^i IjL^. i<a^_d 4jifl" LjjJI CjU-loIjj» J^JuaJi Ja^j .«-A-ua^U «UiUlaJI 
^j mi % II J^Lk MjLa Lojij Cji.1() n i /c^-^J <4-tj^jt^" H CjLujIjjJIj (SjjVI jLiILklj 
^& 4 fp 's "*\ mi a 11 S j i n a II CjI j3 .i^aJI ^a <* r ^**" o cjjj-j-ia 1 ^ LLL3 j <4_L^^LaJI d ** "* 
.«Li^j^aj ijijLLoJ <ajij_iuj Sj(j^-o a-jujjJi ^-L I a ii j .4 <ir>^ a i— flj^li 

J^LLiJI j<'i>n ( (1944 ^U jjJj-aJI) Kary Mullis ^j^Jj^ ^jl^ ^j 
S^iiJI dLLi (jt .Polymerose chain reaction (PCR) jlj^a-J^H J ,,. I m." a II 
Jlj-a. ^1 j-o-2JI *j^l& Lf J Sjl j m ILj <la jj p-LlS! 1 983 ^lx 4JL ^^J-c cjj-L^. 
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i-A^-iLil ^J <_w_Lj f-jj^VI J j ^"t ml <j£ *\j ftemplate lJLusj-o^ «* ^-*^ " -^ 
jtl^iJI t> jilj jlj-ol ^1 fuj^jVI g^j lilli e -> i j (jiJj .in vitro jLi^Vl 
jUo (j-o Sjj »^>i <ij-Lo jjb f j it i f\ II j «primers (jjjjjL) ^jjc^-^j *^ka^>^' 

jfl "^»J ) LjJuI I r*J'^ J-i-^-Li Vjt .lj-i3j-AjSj-i ^jJj u i C. j^ 't ^j-^ t-ft n "t "t LjJJI 
^jl irf*i**t I VL> ^i£j i n A M rr ft <.u-> IjJ&J <Jj) 1 ^ o II ^J-±~* A-» <n— »Jj-Ajl <j * ^ m*t t (LjjJI 

j-ic ^>JJ»-j /cJ-a* ^^-lC j in n il oIjjj-^ fc-flljaj _ LjuJI Uj-% <j-° ^ "^ ** °^ p l>W^^ 
jljj (^iJI P(^j-aJI <LLta_LaJ JjJ ^ *s lJij m"i" _ L$_j JLjjj-jj <<J5dJ I (j "1 a a ?t n 
jl j t n 1 1 s ^xll <j*^rt t ^JJl ^j)" i ii n II j— II *LxjIj SjIj^JI *^jJ frA-H ''J^ fc ' .4^1 in**t'tl 
,^-Lc <j * » " i **-^J .i M fll i^tj-aJI /e-Lc- »'"*" ft "J^ j a 't j j t<LiJI 11 fl t <di-AJaj pU| ^j-a 

jjtA.n"* .SjLJI j^jUJI ^ 7u*"t ^1 thermus aquaticus <S$UI ^jj^LII 

^1 (jJjMj >a-i bl>^\3 L>Lh» SjjjJI jLajj .JjLij iilj <Jj-5 <JLoL^J1 SjjjJI 
JjL-a-aJI ,, I n*i^l LjjJI lajj-ii ^j- 6 p ni't H (jJJ^Lo plj m r J-J^J IjJtj <Sj-o (j J * J 1 J' 

polymorphism JK ■ »1 jjju ^ I^jIj j^j LjjJI cAi^-J^ ^-^i V^ ^j^ ""^j 

Jj i m (^j-lc-J .jlj-fiVI ^>-XJ 4 nQ n ,3j l j-ij j J fi*i"» LjjJI oL^Laj^. jjj^ ^1 A V\\ tj ^ 
«Lajji ^j-o 4jUjJo J-lujLxaj /J^ Li^ (jol Ai II LjjJI CjIjj^jJjI A-*j (^J)*i 'n j j5 ((JLjuJI 
j-JuLaJl JJjJI ^ lfc j^jj_mj U A .uiLu&LaJI aI mfl'tVI pLIjI O-rtNl^j jJ CulS ^J->^ 

JJLo <variable number of tandem repeats (VNTR) il^ J 'j^' ol jj < "t n 1 1 
o^I^h <j1 3^- l^ 1 -CGATCGATCGATCGAT... ?ln,l,nll iJLn n \\ JjcVI 

«-5j iiijl^jjl ol j j*s" a II 6J-4 ^jl Lojj .Jjjjh^a jljil U J tj-a L^ infl't iSJLloJI ^ 
tJjJ-a j^ r>^^' J ^>fiJI t^fj P LT*^ t>^""* ^ W^i^ <^»LjJJ^)f <JJLlo j^J 
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^plt ( j-uaL'i.*j& (j-iJa.*A «Uajli oLajjJI A^J tiLl-J >i»-J • ln J ^ i J-j-ia ,JS Jojj^jj (jLUj^JI J «d-tflVj 



jjlj .I4J ji^j AGCT SJlTi Jl ^jJt ^ijtj Lf L^ jJlalJL *Alul Jlo ^LLlSVI 
(Lq-> j'ii'm Lodlc GAATTC -j J^^j <^»UI «EcoRI jl «p^j^aJI <j-»ij f>^ *^ 

. T t^ m" dJJj jjlj .j>aJI ^ 5lijlj3JI CiljjCiAlI jl^cl ^^Jt Laj,ic i_iSjli ^l^^VI 
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6^1 



4 j I n f (c-^J 'lst* .^4^ J^P 3 J * 3^-^° (1^ r^^-^ -^^ *CjojuI 



LflJL^ia jJ£ ^1 1 o \< o j ji ,^,11 iiJLJ cia-iJI <jVj .electrophresis ^L^UI 

u i J < A> j II J^LII Lo J-ik. ^l < \ mm JajIj-uJI <j-a <Lfcj a -s n ^1 <T \\ 9 II J^ua-ilo 
«jijl^>UI C^jJ\\ o II * , fr J U I L^j-waJ U-i-tfsj Jajl^AJI Laj Jjcjj .(17—2 J*S m i Ih 

L | . a 1 1 «LijLuLuil <Aa^ ifl a |jj <<JaJLjl _fl 




r« 



tfj \ \ ts*T\ t ft II ^2)-° j- 1 -*^ o ^A % i <6jjhall L|J1Ljm^,1 fiil ji <<LL»jisJI 6J4-J 

<iLjij-oJI IjjLa-ujLjI i—S 1 m^j flijujjj Sj-uaLii (JJ cJjAjJI (gjj±>j 'UjJj ^'' *(SJ^J 
aJ SjLc^j *6J^.Ij SjJL-lai £j_a (j^j^uaill /«-t^ (j^aolJlj <<->jjU*tll CjLj&IaJI JjJj^JJj 

- 4 jjj a II t^ilaj^^" f^ CT^ aJjLIJI jjAa-J <jL£ Oj5j .dlJj m^£- j^jLtjl ^i-j 

CjIjHVio < m-^ 1 U. ^ ^ "t (j^j iti^JI ^x>^' (c^ La.j-aJa *>jijl i ti oJI j-»SI d^.1 (j^ 
JS jjV /<i 1*^*1 <>.* (A\V\\Ls t A nQ oli ,(_gj m 1 II (^ La oln aj l^aJI ^^i CjIj^jjJS^jJI 
ajI^LII frlm imL) 6j-iX. JjX, I 5 l"t ^ ft Laj 'i j ^ <*l I" ftj O-^J^' 6i ^ LT^ U*"^ L^° 
M> w n II» j <U lx^aJ Ijali CiU^ui^yi i-^J* ^ dUi&LVU < etil J J-aj .(<SjLLXqJI 
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4 q H -^ a {jj!^ «— AJI 4ja-» J^ laJLfl Sj^klj 5jX.Li 4_a_* : J jJ Jt -a *jfl ti n jJfc «j-L-ajJI 

,<.jaaV) JjIS L$.u ^ji£ «-i^ 6±f^-° 3 j- 2 *-^ J L>^" uUl^-i IjJ (jl^iVI <j-ij 
>Z\ pJI ^d-o L^j lalil^Vlj DVD ^^Sj l>^->^ cr^- cjLojIslaII &jj& Jj,^ m" j 

<^L*i Ij-aU pIjaj^ pJLt duuij j^*^ 4iiit jj^jIaIJ .jJa n 3000 «Jji If^jf 

*l>aJ ik-^ul^j <£.Llu J£ SJ-^Ij Sd£.U JdJL-o-J J^I^Lll t-uiJ^ ^^^ lt^- '>*'-* 

^iJj .Ja£. ij-u- 34000 JjU.» L ^1 .iiiLui oljUL. <5jU ^ E l"i^".«» 



<<UjULII ,_fl &J-aJj 6JX.U JjJL-eu LjjJI J uA m' (_UjI* ^1J fSj-o 3400 JA^li f j4ul 

si 

ijljjjj (cJjVI /ij aS* 11 LoJ^j ^ijljjjl aJX ,— i ^jjlJtl nil! (J-*^*JtJ^ *Ji (jJUjUA W 
^jp-iiuJI a.^\j>-v 11 t^j^Juj* Jjl^ fUjJJ tliJj^ — ^^j i n UI j r-J^A-aJ^ iJjAA 4^ a.l5 ^jJi 

^i Jj ^,,.\ 1 1 ,.,i n.l Ia j^ Ujt Jl^.nllj . 4 1 < < a II j J^jJjVI (^^-Lc cjLc-lj-lJLi iUL^. 

JaLflJLa.VI 4-j.SjLk) ^j-lr. ^^j^aLa. 4^j^ <c/>^j-j ^-J-W tM>j -> II c-*j^^ J j i^l a"i 

Ijjfc <jV f4j frft^ m A flU-a (_pLc- Jj faO^aJI 4-JLj j£j aji i II AjliA 1) (jX. CjLo j J t a t 

Lraig ^ni t^j^ J*-*^' f (j^-^» c^j^ (j^j < ^>> "i a ^j- J-*^ ^ » ^.* f * i-t u^ i^j^^ ^ 
fic 4jJj-aJI) John Sulston ^jjj^Jj^ <j>^j (1946 ^Lc jjJj^JI) Venter 
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AjJj Frank Collins j±A^> dal> Ji* tf> iJ olj.^.^ ,t, Jiii ^1 ^j ,(1942 

^l£ i-^Lx^VI £_jjL; ^ ijt^lj cilika, I ^IJhJI &j-i j-SJ .Eric Lander j^V 

;«; 

.(MUS ^^Jb <<J^>1 'V ^?\>f L^OJI t J •% fS'j^h H ££J 'OljL^jyi Sj^J J i ft.J ^jl ,_3LAJ_i 

•" *l ^ 

«b aU ^ill J-ojJI ^1 *I>*.)M IlA 0XLujI Jj5j tcr ab ua J£ ^ LdJI ^J^ ^ 
J-Lu^Lcu , U.1 'V " tpA <l\~* (^JJI r 1 'V ** H *1*-J ««LfcLjOjI <^.J *^J J? *>l mi dLjJjj-fl 
&J^=h.j-aJI jXJj^Lli ^jfi-^ j^LujuI 1977 ALC JJ^j ^jl f 1U" ml j UjJI ^aj f^jjjjj^j 

^ i^LlII *^x>JI (jJ-c 6jl^^.l *L^ jJaj .5375 Lajj_cj fX174 ^j^LIl ^ 

■ ** * ^ * Jojl^JI J-i^j t_fll </-j^aJ a n" n UjJJ , L* J 'v ri i'v 3 .* J^ m f""^ AjIJaJI 
* (f. "' A ^ LAjjJklj 5jJ <Ui Ci b n ml P(5j^.) 4* m . n 4 n m lj jjjkVI cfl^aJI Jn^j 

.SJ^UJI dLtL f, fl" u LaJ Jo-ij-uj «Llc £JJJ p ml M II u- ftljJ jj-v n II Jjjj-J^jjJI \1& 

^^*.yj oj7 mj^vi (j^aj Vinil jojj-iKjjji ^Ijj aLw" m<l *i>*.yi jj^ «-dj^ jaj 

p^J^ ^^k. titk-o .LUj J^£. ^Iju'in ^jlnj^ II <jVj .^LiJVI <>o ^^.Vl GMjJI 
~j^ojl (.j&ou UjiLj ' a'"^ * Jj-k*- 1 "^ P C^J^" ** ^' ftr (Jp* Cfv" » JJLfi ft fll h-i^ajI 
cjlli^aJI C^j .Vl'l! ^^1 !>Kmo ollj>?JI t> KjI m" o H 4jU.mII <lJUI ^^ 
($ eJjjJL-Jlj .4 j 't j mil 4j_£VI a L fl ^jJt iiJl^o LslLj Ci^-tj 'J^laJI 4 4 1" ^ o II 

*l ^" "'l fA"j t ipLojJiJ^fl J-LI4^LujJI ,11,1^" OVI ^c-fl AyW" rilj ^jJI ^J J -fc 1 II 

A <■ flj-aJI j^ La * <** L2^-t fjjjJJI frj (At pLiAj 1 n, m \\c AiYW t\ ^jl^JU m itu p! A n»lj 

■ W^ ^ " ^j^ n i aj 4^-aj -Ij-^- f»-LAj <j iA'vVI (j^-U*-^ C tJlj-aJlj <j n^al ^jjJJLj 

.iijjjjiJI iflJ^laJ J mliinll 

jjli jrLLjt Joa. (^Ic pLIj pIj^VI \±A 3J.^" J^ lt^^" ^ '"j\>il ^^jS-JI 



facebook. com/ketabme 



«luliJI U .UiiJ ifljjj-o Lsl^Si <k*Jjj tLoLJI ^ J^jJI ^k ^JjVI 

tj-oj («JLJLII ^j-° j^^ ^»^c ^-J^ UjJI ajU^"m ^ io3*iJ i < \\S\ i II <Li^Jo ^auiIj 

^ £ajLUI <5j^LJ| ^ ^,\^"ll o-a^JJ -g^J) '"*H JaJ-LaJI lift J ml m" U, \ a " aj 
tjj»" m" tljLf j .* ^-lJ ijijJoJI <Sj>Io (j^ <*^ J >*^ p > (P A ^ J m I m" II <Sj>Io 



(2001 aLc CiiJJal S2 ££j-tii_jJI aj *ij -^ I I 5jj mi o Jjl Ci-jLS 
J-aJLj jl^SVI (^-Lc <J-lu 1 00 <jlj-5 J-*JJ LjjJI <fJJ ^f^^» (^-^ <i-u* ^jj m n ^ 
jjiij V J Ij^. <A±la£, ^ j ' * * H AjJLLaJI <i>*-o «jLajj .«tfiljjjJI aJs. iS^Uajlj JjJ-a 

AjJL*J1 £\JJ& A-UL^. J-&-6J .*LlLc 2L»J jl (g J ui S H (Jll*^ 11 SjuuLa uluLS plj_LU <<J-6-U 

pLudiul ^_ll Ifl I nijj *— fl^-m ^JLll «LuLukfiJI 4j£^oJI ^lc I m fl i <tj J) ml f\>»-ll i TiS<u 

jjijifl f^.^>j pi m\yi *l^.[ sjUy SjjU. <-u3^>i jlia ^ls aii <^j»jii ^^.jUji 

iijJL-o <<j-ajVI *-a^J^ (^^-Lc <1 Vi*s ftj Jlj^.VI <j hi^Ljj .<_jjLJI olj-AUajJI * ' *^ 
i^illjLl £jja £-±JU> 4_|-lLl CjI 't "h I mi n j olS^>l n o __fi LlILol jJJ& *U£.j ,-jjJlII <LLuo 
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nm 



3 JuaiJI 

iiLfeJI 







p^^jUI |jjh jjb Lo <t^J . n rt mJI ^-o SjjIjJI JJaLLJI j^a influx jij ^jjj dJj 
aJLsiJI LaIjj La^jj <( j^L^ £] ^ ^o <i o K II ajj& r>a-3 iS S<5LL ^ o <M j ^jJI 

siL p^ah liA ^ u j£i i^iiii jjs, ^ j<; ji jjuii j^ k^i 

aLc. P. Sidney ^jj^uj L_uJji jj-«^JI aL5 aii <Ij£aj .Jj^Jo 9^^ p-LJaJI *Lu_aI 
^I^-j <The Defence of Poesie j» mil j^ ^UjJI J^i*-> <J <JLLo ^i J 581 
jjjj <J£j .^ajKII (jjj^^jfJI I d j n Hij US Energie) <5LL <llL»i» ^l *LIjVI 

.(3^*^ V^J t*~* ** "'^ <c-^' JJ^TiiH j <^l ioj 5^o5 ^-o VjJ <j m»" II S^o5 £^-^ L5~^ 

a^» «Liij^JI I o i r\ *\jl < a K ^j-Aj < €^€pycta a-ujI (JjjjLj^jJI I (j j I r ,jllai JlSj 
lo mi^ omjJb!j <<5UoJI <U>L& jj aI n-s II cSjS\ <I1a LilSj ^j .in work «J-oJiJI 

.LAjijj aJ£, jLal^.1 ^j-a ytjJI I^jLloIj <^u, W II aJUJI 
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IjjJ^ Ljjf^ I^j-° c*«a^"I I <p^ I 'jh*-^ oljJtLLJ VLa-o iSLUI CjJIjLd 

Ij^J ^aLlJI JLojuLuuVI Jjjljj IIa .Ujj dii£ j^VI j>£j aJ .j»-1*JI ^ ^ ; ^j 
- (1829-1773) T. Young ^ ^L^s A L3 UaIt. .1807 f U ^l ^ii II 

)aj& ^^-L: p^j'i ,nVL _ ,\j n.j j-^-^ deciphering Sj-Li J^ ^ J^.V cJij 

yf 1U i<^fl Jl ol"» ml ^j\ ftflll jj-d» <ji („.ilS 1 nj'if. a I * .11 ,-J 4-lLa TM.u«3 p 1 U < rn ft II 
*-j^>jo ( _fl a m^ (JJJ jl ^LaS ujj-j-i J-i-oLA. ^^ J m»" 1.1 <6j-iaS 4^opjLoj (<jftLkJI 
<<ILLU iaiaJI JjJjuJI l^_fl (^yJL LojlA JjLa^j-Luj . «4Icj-lh <Gc ^JAJ (^3JI JJaJI 

.l^laLJ (Sj£^ <1aaVI <JJJJ 



aJLslII ^jIj^Ju ^UU" <u*jbVI ijli. ^i gj"^ i., a o 5 1 ulf, <i3LUI j*j^k a o 41 

^-J a! in-%VI <^j^J Aj-Jua-ftJI CjI, n miJLj ^'hi I a AJ^Jj .<U-fl (_£jjaJi ^^jJI CjLjJ-ojJIj 
O o "t pLuaJJI ^^-i <£[j -% H ui-u=>j <jl .6jl^-^JI 4-JLjlj-Lj ^ 4 » j j^LVIj fpLua-Lll 
Sjl^aJI j*j t iUl J-ftlill a flJ 11 c-JiaJ iij .^jii£. f-»l-^l UL>^' ^?U^ Jv>^^ T>>*^^ 

Jjl*\ t VI jL^JkVI liA J *TtS \ aJj ,<J_aio <^.jjj ^f^l* *-*$ju iS % '^ n ^jd > J^ 
.o3>JI cUj jji tiUi I^£.^>j f^'i Ijit ^fj1 jil ^L-iVI ^hj;U j^i ^ 

^JL^j (^Ljj j^LL cJj U^A^a. ^i j^,>a^ Ciil^ jl :<1^ ^^iJi Jl^is ^JUJl 

" *" " " jS! 

(JJoj ^jl (•a*3 322-384) ^n t H UjU mji ^-5^j <mn aj .<jaL/>^-* L^_i^S £y* j-ifl 

ia^^-a Qjn ^JjulLfl <LJlt 6.Kj La^j .p^L^JI ^ <£.j_ujj <^>aJI ^ ^-"JJJ O^ 

c/y£ t( y£h ^iLtjj^l ,^J' JfiJI ^i (1803-1801) 4 JV nUH ^,„UII ^ bli-l O 1 ^ 6^ ^v (1) 
A course of lectures on natural ^l^i*. v Li^ ^ 1807 ^Lc ^jl^JI ^ UUJ ^Lll «Gl^-aL^ 

.philosophy and the mechanical arts 



facebook. com/ketabme 



iLojVI iilJj ^i <JjVI c^L£ .iojLLJI 6I4J *UVI ^1 j-iji Vj <pl>$JI 4-*jLLo 



v 3^, 



SjL^aJlj a (j miVI OjI^j liA ! 4 j*ji U II lfl"K>a» J^-oIjj ^ <£j Vinil <J^aJI e-*Lk 

oij .Lpl^^. ,-i <N i^l j oIjjj <£jLJLo a.jjJ <jj£\ oljIK <mLj a m"" 5 jJ U" n II 
<aUVI j^JI a o Tuli ajIH Ij^iLa. pl^fJI ^Ujj ^ji <j-Ul!l JjuJI jj <^la-ujj ^lj 



^J^J 



,I^V1 



Al—A^jl f' < A t] <j) In mijI (£JU '"* *" ^ 



i<M Sxi .<i ni\\n\\ «bj^^l a v \ fl*i ,-is. 4 a uJoJI ilxA. (j^J <LfJ CjIjJ mfl" J_j£. i_fljjju 

Ijl ^jVI 6jni\ L* j^JI j.1"4" ojI^ L^jU iLaLoj <1LLL <jljl t ^£ ^J iiL-il 

(Jaa m /fit <<_>"jJ *^2J .^ J ftS <aj-aJ! a i J 5" J^t ^-" ^O^^ O^lS LoS <<Ti^l <Ajl 
- IjjUlj «JuuijVI 6j£JI C*il^ - J^J^JI O^ UJ ^jlll cJjUI t> «l.nJm <JIU 

i * - . £ 

Sj_^j_o cjIjSJI 6dA JSj <jLj SjSj tfrl^-A SjSj <pLo S^Sj jJI^jJI /«J^ <JL»L^-«j 

L^A-flj-o ^£: (wi'S 1" 6JL0JI CljIS fg'Jj) a\II Ijufe /c^J '5*AJ' A ' u ^Js3~T *— **J-^ (J ftl ^ 

.^L^kJI U>a ,> h^L . JcVI jaJ ijUI 44JJI iilkilj *LlaJI ^i ^Vl 

fpL^yj <llLsJI Li^laj i^j ^^U. pllj £ jj-alll Ij-A ^ C)ljAJ jLaj[ Jfl uJI ^ 
Jj jS < M cT\ e\ A^j^S ( T iv ni^ Lajjj f<G-*-u ^-flJl JI^Jo (j^iLlll ij^ic ic^- CjjI^ 1 'M I (j iS I 
AJbjLoo£,l ^ V^J CiUjVI dh ^ ^-J.»JI JjiUl yLu^t £j£. SjjLuaJI aJUTiIL 

.jLl^jVIj Cjllri^jLaJlj J^^illl („ )l-% loil <L^_^.lj-oJ (j^Jj) A *^ ^^ ^jJjlll f t j^AaJIJlj 



fi "^ 1 *<L$_jL£-o LoLfcjl LijjJ (jl (jj 



.Lu^L; <i^ ^Ul ^ <V L£JI Ijjb *,(^S (jl ^i **Li V (2) 
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CuJlS ^Ajjll UjU ntjl <j^J&j ^jl ic^" Lljjj^JI tj-A^j jLJLfi < 4 In t jLoJI /J^ ,J *"^j"a « 

(J-A^i ^fj'j CulS L»l <JI -la^Vj <J-»La-a j)" mi r\ /<-lc. j-lfi-^l ,J| aj <JjLo j)" m n 
Jjca. Ij| «Lil diJj ^ <j<"*IV* ml .*UjjVI (j^iia J-Lj S^ill <jU «(^yjHII tgjp <n Jl 

L$_jV <jj^t S^i *Glj J-a. ^-i <jl^ *JjLo j j m n Jl o 3 j i ul <j| -^J^Vl Lj-C-Ujjl 
Ll£ Ifl t miIjJ ^tSLoVL J*^j Lf jJI ta-j^JI ^jJJ - A.I ni^VI I» jitu _ cJjUf ollajl 

.<k^XoJJ ^jj^i\ £LLjVI I Ia oJ-a jJ5j <jP^j 

oj£I LfiV <fJ*Jl ^ <5^£ cjlkoi iks: jfV 1 ^ l^Pl J-^P c^Jl <^nll c^l^ 

^ I <\q~j£j> ^aill jJjJI ^i idealization JL!u3 .mVIj abstraction jj>?JLJI a^S 

j tj ajj CjI * "'l "'l ._«^^" _jj| <JLa.jJI J-aIjaJI jlt n ml ^Jfe Jllnl mjVI ^JLJ 1 nlf f<^.tflrtll 

J-^ljT* ..» 6^>£1JI (j\ explicitly jj-^Ij j^^l ^^Ic jj±JLc o^^jj j>J-fl f^^UILj .L> 

ij-ifc a ij ^"j .^jl^I j^ ai ^jO <JAijLkJI oIjJuULLIj f j^ ^ ^& dlj)l mi II «Li-cuLuit oLiSj^o 

^^In ...j S^fLIl Ji^ <L-luIjj) Lalliat ,At UU :dl^Ia.Vlj pl^JI i*»jU-o Cjljjillll 

A-jluLloVI di J I m II tJ-oj <<ULa-dJI ^j-a J jJ m ujI^LSl dj-\ ^ J <jLi <(Mj-o < ( j : X : ij" mi rt II 

^_fl iiA.jLiJI CjIjfjtiJI CajI^ «aJLsJI (2>£. LfJj^ ^^1 (^-JltajU Mtjl S^k ^j .6jiU 
*» 1 ** fi s - - 

.«L^^jlII tiljLuj j-lt Lab &jl"n mi &j1«m mft ^IjjIII Laj^JI ^yjJI i^^JI 5^>=^ 

liijl IjJj ,(1-3 JUJI) jJJli 4^ ^ ^ill f UI ^i (3) (1 727-1 642) 

http//www.ne\Arton.cann.ac.uk/ne\AM:on.html 
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tjj^jji jJj .1-3 J ^ m I I 

j» 

■* j <■ r-1 t «r» ^_J <_flj_i_JI 

iLSVI .1642 r Lc j^-<Ji 



" \ S t$ 



J^lj <j£J <f LkJI p^^^uj Ukfl I n"i^ i m <(jimUnll J£a <(jSj^ <jl^ «jjJLJLiJ U^L^j 
_i olj iALjJI u_fliaj jib£ <LujJ&j J^.1 6J£.LuiJ <jl <jj4j .«UlaU pLolaJI a h f. I <j-o 

I4JJ J^-L^J 6^ J^ ^^^^J-" J^M *4 4 "^ O- >^ J*-* **** <<ijdLaJI 

S^U Jlloj J 687 ^U, ^-il ^ill 4rPrincipia (4) p-^jUJI <it£j .^a^tl^ <ajIU 

.<WMJI rationalization <illc ^i £j-£JI jiiJI 

^jilllj <? 1 .0*10 II aJc Idjif ^jjj ^^111 t^uA^JI (j-ijjiil axioms ol a I u^> <jl 

' d 'i h ""J-* i_ijAJ LkjLi a-» (J-°J tfP-1 lAflll 4-i1j ^^ m <9 J irtill ,—fi I (j hij.Ti ih 
aj J>-oj «frl lAill ,_fl «Kj^JI ^^aJli <j^LjJI ^JfJ ^jjljI^jS Lol .aJIjJI ,_fl llx£j^ 



MimUIl <j^»LjJI ,_^uiV1 jl «Philosophiae naturalis principia mathematica :jj* J-KJ1 ^Vl (4) 

.Mathematical principles of natural philosophy i^AJI 
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4,h i, 1 1 1, a 4 * j int I (| m, ^ 'S" Ij-lj' I^Jj *cX>f-^ ^ U" 3 *-* O -1 ' (c* I ^*tU mijj uJSjJLj LllLi 

s* 

» ** •• ** ** s» *» 

4Sj^j^j LaaLjj <££j-i4 (j™,>* LT^ ^j\* n <^j"* 11 I h tr%j ^<aJL (_£j-ll <f ^JjlWln 

.jfcl «Aflll (^LcJlj satellites 

SjLuo-oJI jjJ-JLc it^-^LaJ JJ^JJ SjLcl (£J^* c^j-1 lhj^J Jj^' (J^jULII 

^liJI «G^U L1 .law of inertia 4JUaxll <j^L5 *UL^I <(> n„.jj *^k^J uaU 
LuLi ^ alA. 1| i j m& s^j w flj?> Loj^£.j ,aj iri^, 11 _i Sj.ij-6 (^^S 1 o j J «-^j^ j *5Un a 

:4»j i^>IL u \\S\ fjjj\li\ li*j 
J**Li ^ (inertial mass <1JLUjlJI it£Jl la^d^l jiSI ^^1 l^j) il:l ^ J, ^^ 

^ - ** ^ i 

.Sj-ij^ <1"^ II (jj^ L«*Aic Ij \i in oJ^f g- jl i iilJI (jil <Sjjii faQ 4 nS II (jjii 1-o.llc 

s s s 

Ji^j 4jV ( ( Jxju^W IjIj^J ^^jLSJI IjLA ^jJ 5jj ugaaJI (jfJiJI t fl im*s"i mi"* j ^.^1 1L 

.itSJI <JVjj a^lj <5jUI <JVjj itSSJI 

/h J mi^ jl cuAJ jiTill I () fl J A (_jLJI (j3j-*J cU^^ L^ «J^J^^- ^ 5^^° Ai^J ^t^" 
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1 ** «■* * 

CiLijI { J^ <\\\-\ *\ LajJ jAIjj j^J ^Jl (jlS-d <j-a J, 1 *"" (jl U^ n J Si nn a 6^aJ * u*i»lA 

^ ^ -1 „ i, ** 

uJ m ^ (jV <jl j i m II Ij-A ^J iJ^ p I .U i,^i a <JLjI ih II «iijJj_d)> 4 o K j .? all ^ ts 

<la ^jlSJI ^j-a 4jl^. r-l^^l .Jl uj^l ^Aj <ljA. I i* ts> Uljjjlj oJ^ - * u' (jN AJ Oljl mi n II 
^j Jj <?kj umII oVL^JI <>a JJX. ^ ftjl>aJ ^j^- fl - J I <>eJ <dJj £-aj ->^-=JI ^l 
I \ ui-a iti Jj-a* LF"^* J 1 ' <S ^J^3-^' A J) *> ** " t-jjJ 6Jj-a>j-aJI dIJuS <SjJLL! &JLL*_a JjJL». 

J's i m Ih -'j -"lj^ II JLoaI-ujLj <dJjj ^vj^ljill c jjj cj^LcUill LjjLjo£.I ^ J4-^ 6^ 
us^jc \j\ <G? ^j^j <j! (j^ ^^ u>jLILI j^ i h V» jljj Iw^aj <ljl i^."^lj .(2-3 

(jlSij .J^V C*J5j ^t ^ «.jJ&lj j^ (J-jI ^Ij <6d>^J jKaj J^JI Ijo-JI «4-?>J 

<Jl ^ i A" j j <j| J*AJJ *^JjVI «LiAjilj .6jfl lr>ft {y* <J-oX.| vlJLdl (JJJ^ Ck^*^ 
't. "^ •" ^ -a ° 

^i <jjLui-o 5j5 !(} LUL SjSJI L$J o-na>*3 ^jJI Sj5JI (jLi <5jS <-/; *^n ^x^ IjI 

(«LLiiaJI S < 1 j 'i^ njj .ujj <Aall ^ Sjill Lfl_j ^^J ^L^jVI (c-2 << mi*sI f nj 6 J mi II 
«LlojJL» I ([ l^j"* jl <—>J if*te\\ l(j ft.\ i/^i'^ LoJa£. SjSJl L^J ^j^jJLj3 ^jjJI SjJflJL» jjf ifill 

«iLLa^l» ^j-^ ajI" mi j «G! ^jJ ^ I -% Tt iJIAJI tj^jliil Liiii^JI ?-i o^aVI <3il 
l'ijlr o1*-La <g! ^ «J^uaJJI li^ ^j^u^j-o jjfc iLLa^VI .conservation law 

<^-fl ( <JLiJLaJ| (c-flj «A 1 1 II .^i l-AJjjj (j^-a-i (JiJI pli t U" II ^ ^"J- ^ >J> " 1 ^H^ 

* * * * jl ** 

symetry ^kLu ^ <Sja£. lj^ Ll ^ijj *gV *4j-oJaJI ^I^SJJ L«\ ^1 ( Lja£ 
tj^jUj .^jLo^Jlj ^liJI c*l>tLij ^1 ij^j ( f k * I I - Ji-i < ^ " J m iI <^>jj - 
<^) £Ua:VI iLL^I jjfc IJIUI ^j^ ^L5 <* .A"Sj ^Ul J^UJI iLL^VI 
<H j \l < j n II ^j .conservation of linear momentum £_k^JI («j <j ^ w 

(ujj-i-i J 4^1 a.) lili <<Jal mit <j_A a J mi-n I ^U-n II £|J^VI (jLfl <( ^Li-uj^KJI 

' d<f t m a d t itN, 
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989 u ,.hn.rT/ v T 25 




10 . 20,. 30 

(^a mil ^V 6jLla oLl ...^ II .^JjjalJl iMjiKjftll JUjlLujL frl .Aill <ji ml «IjlaJI oljLi^JI .l'" 1 ^" 1 .2-3 JiaUt 

J^-lIjJJ^ 1 jAjlj^ Jjj'j^ -^.nll yjliji.jjjl ^jLui ^l ^jixJI U 1-1 A. ftll (JJJJJ .(^jSljSkJI ClljJU li «Li-fi^JU» 4j|1 r^flll 

J*J u^ 1 ^j < 1 J^eW ul ^^ ^J ^ O^* 3 ^J ^J < 1977 f 1 * ^Q"'^J ^W O^ 1 < 2 
^i 4j^U SdaJj 3.6 j-* n jjLflli <£.j-LLLi Ajt t titi i n ,11 I^^JalJI j jl ilm <(jJ&Ji <^i (jLwuVl <JU_w» a ...% 

tjjjlft 150 <jJ^5 JjUjj cy "II JjJi. (j^jVI dii jlal ■ Luaj Ituijla ^ 4^. lili SjjJjJh <J_uJl 

(j-a 1 i Aji Cilflt m 2 jajIj^ (JiJ IjJh .<atjJ 35 Ldjjl v_j^!jSJI jlhLo ^gj"t m n *-* ^j^'^J f (j""J^*^ 
jlj-o (5j*** jm n *_jb 4jjI^jj *4 j mil ,-J 4jS.l 5 SJ-&.J 3.3 pLAj LAjjJ <X.j_tuJ 4 j m n nt 11 Lajh) a II 

<x.^-ui ^i o1J>jJjl111 Ji-uiVl Uftii Jl (1>jjjj . u .i^lt ftll aUJIVL <j£J *<Vj j 4 8 Uji5 ^IjUI 
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S^£J ^i <JLc *Ujjl <£.j^llu <£[j^Xo j-i^if 4 ftjA^I -a^jj <j! cJu^aIII \sa (j-jaj 

SjSj £-$J^ <jLjlS Al) |Q (jjJ (j^ ^ -AJ '^ " ft '"> >-lJ <^J LoJjL£. dlj^lftll A HI-% II 

^kjl '^kiJI £L5a:VI Cj) ^ &L*J\ i UiiVl Jilidi y^ptf J^bj .iljLLJI 

■K 

^UoiiU» J-oKJI <Jol!l JjU't l'ijlr.j .60jljj AjLAlJI J^a <ioii j^ ^J^JI ^laiJI 

. j 3 i/^> II ^jLluj /c-^-ll * ^^ II I o C LflJ-jlj f^jl in^l r'\ n fj^A ^LjjI ih") o (jl j U -s 
(jjft ts\hVs La^-JLfl <6Ju=Jj 4-al j"i ml /£-Lc ^jLa.j ^ i \T\ QjlS ^jl JLau (jLojI io"n L>Jjl£.j 

(jj^j -^^ 'j-*-*-» aI^U '^Vl jaj ^jJSJl I ft()f lijjl (j^nj '(jj-^i^ c^ Lo-aIo^.! 
£-LaJI p LajjVI tjLi <oj^j mi ^ H ^o J^ * LLuI ^aA3 e^-j^ ^ JLIjJI \±a ^ 
£u1j!jVI 5lkiJI il^liaiVI c*it$ lili :L>LG <^Lt i^IlJI 6 ,1aj .jfilj V ^^JSJI 

J^5 J^* UJ^ <JL^. (Jt Jht m CjLcUjjVI 6J-A f J^7fc ^ (jLi <CjI nj i n ^ II ^ JSJ 
<LjjjLj llJ^ <<LLLfl <JjJ 4 in<*t jJjLilJI ./3-3 J*S mll\ 6JLSLJJ d>l nj ncs II Jx,lij 
<iLa.j vjI^JI U±? J^ (CjI^JI ^ ^jL-a3 Jii I^^kaJI ^UdiVI liLL^jl Ij^o Lr k. 
uJlSjjj lj_Aj <5JjLUI ^^ic < 41"-% n CjIjLuj-a ^J (^JjJJ (Jj^jUJJ jW i^-NJ iljUaJI 

.<JjUJI iiLa. t> J ^>^1 Sj^ t> S^SJI <JjISl 5jjl3 ^ 

S' 

.<lLo^ ^1 ^ Ibiai. (jkaJI £ULVI jjK HJ <il >A ^UU5U jjUI i^l 
jj^wJ 1-o.iaAi Jj^Jfcj -ujSJI (^ ^U-s II ^UjjVl (^ CajIj jj5 ^^?-J J^ Jj ^U 

J2*~*2 ^ '-'J ^ .* ^I-^^J^I *^W ^° 6^-° lt^ ^° I P *j '■» (jLi <djjlj lu jjSl Ln^i£. 
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K 

W^o 08 PD 




jliaiVI £l < ? /.Ml ij^Jj «a^ll t liilVI Ui-i-i Lj-a*. i^UUUlj itiU^Ui^Vl .3-3 J&AJ 

(jJl jLA; ^ f«*lj-*aJU c*l>£JI jj-ft o ... j^JJ, ^U-^ll ^UjjVI JUjjj .jL*lJI j^i j>d mil *LaJlj 

jL\ ij*Aj «LujIjj <.>q ... Jjl *jl-iJ *^-^ c^JJl ^ "Jt (j-lt Ji^t-^" ih «ili|i <<jLLui <j1ju (j-fl LfJ-a J£ 

•(j-L^aVI p j m i II LjLuui o* fij ,ll J *f'4-" j 



shape J*s mij ff-LukiJI jJiLis ^P-*^ <£^-" ^ '(^h .^k-s H ^Lii^Vl W a ^ \\ 
facebook. com/ketabme 



^t ^ylc «Lo^Lt j_A iflUaJI iaLL^ 'l) (j\ -J^AJ-a V J <jiij m <Ui (jl£-o J^Li : k l iA>1L 

« « -» * * * 

o! l!>^ «tgj* m< aII iilLt» <5j^L ^j& iJLJI (jji^ij ( jl^*-^J <jl"vtn <_>luj pLaAiJI 



'i ^ -'j s, i « 

(_^jjkl A \ \t\? S^J&jj <j^J Jol fl ^ M (j^>*^ :£lILjJI <jJJ£J (JJ^^ C£J^' ^ *> S* * **-<" 

jjij <angular momentum (Jjlj^l ^U^VI <-i^U. I ukJ <I5 .^Vw,,* .Lk ^^ 
^lij^l L^-U piaoj jjSl ^plll i^l^-II «LaJjjJI UI 'la^ jjoS (^jlj ^Lfldil icj-^ 

JjVI ^-LoaJI ^ IjI ^Ll ^1 p m«^ {y* (^j'^JI ^Uaj^I JLSI^I (j^aaII o* 
<jUjLluI j^ aJj ^1^1 a-^o^JI ^^it <Jli S^5 (Jl <torque JJii ^Jx J^jLoj 
<iLLai .«GjLo f jjj < \ i j^ ^^Ic Jj («GlIoS ^^Ic <a5jj-o JliJI fO>*J ^^-jLjJI * ">^ II 
<>> cj-a_^l <liL^ y-i *j£j-* <2±l£ t^jZi lS ll\ 4JUJI ^J v VjJ j-f>-u^ ol 

.c-jVjjJI axle jj^* ej>i sj$j-o «LfcSJl (j^ij L$ji u>^* c^" 3JUJI ^i <u_jj-uij 
LpiU. ^ji tjj^j S-oIj-aJI v^lj-i ^ aV^iJI ^Zjl Cj\ (j-fl y j h , I I jjt> IIaj 
:<jjIj-JI itj-xJI ^ cjIjIaiJI i^jfl"%* ^ aj> j^j>*JI tdJj ^V ^(4-3 J< .ttll) 

** " * fl" 

JJLLij ai La-Alj^[ spin ^jj^jj ^j^LVI ^1 S^ ^ c^j'j^' £LinVl J-aHj 

Jiij ^|,\U ^Vl dAj (^jlj-il ^UajVI ^jn^in ^jLi <c*Ui a_-oj .^j^LVI j^JI Uj>> 
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*_fljj (^1 ^^aJI S^JaU ^j -(jTjl^JI <r:U.iJ) J^**^ 'j^ J^ f^ v^J^' ^ J^° V^"jj ^j^*-» 

(jLi (JlAlI ^i ujJIjJI (jicl >ftj) <jjl>oJI ^>Vja otLuo <J£All II* ^i ^ca Jl\\j o^ 1 ^ 

** J ^ w K» J 

L ^uiJLi 1 ml ml jjJL» S^iJI OjL£ Ijh ^LJ-5 (j-^ J^J- 4 ^ ftfJ^^ U^J^ fj^"* 

S* 

aL^JIVLj jjjJ Sj^JI c*-it£ IjI) ^Lili ^S\ «-O-^ jt <(l>^jVI ^IjjJ aLaJSl 

^jji^. 4-JujLt (j'jj^i li-A s-^J^m t*n\l <LAj^a-a (J^^ cJ^J^' CjUj*^ <£-j-uj (j^° *^*J^ 

# * g 

ss= * ' 

«. -*** J'* -'J 1 Jl " -» 

(^i Ui^-" 6"* j Q ^ ° (J-« d ^** J-A lall <1a£. 1 J *t^ e\ j Loj -C£jlj fUjj! *AJ-IjJ 
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itLLaJl (jL f-5jjJI Ua-Lu^ti *iiiljjjJI KjjJL jIslIj (5jljJI ^Ua^VI <jl£ \li 

(j[ .pLJaiJI ^ oMjil (Jl JjI-aj (jJi «jhj» ° j Uij Jj^- SjjIj (jir. Ljj^lu Uj? 
^ jj^uii Ujk; *LaUI ^ unifority JSLiJI <> jl^ ^U^ll ^U^VI Jilidi 

j J mi \ Lejit pL-s^JI JjLu ^ Lilii (^jIjJI f-UdJVl JaLLaJil Lol SjV* m o ia^ 
pLukiJI ^1 <*j*^j ^LuJI pUjljVI JaU^ 'il (jLfl <£ii& jj<3 SjLajj -^H^ 2^>^ 

LIAjj .isotropic j^laii <^1 Uj^j lsjIjJI ^Lfl^Vl iu^lj «J^L^u ^UJl 

LLlAJ ljft\ J JjLclLo pLi^iJI ^jl jj&J <t*-jl^Ij *tc+* ^jI <j««j Lo oli Jl (j^JtH uj^^ 
«jLIj Jj-^-J <JftjJLa. (jl Jjj .((JlliJl ajj£.j 4j^jLaJI ^^JLll £>£. <jjJj* i Lj-aJ Loj 

ii^JiJJI L^Laiys j! ^jjG op'- 5 -" '-H-! measurable ^LaUJ iLU) ? .«tin 



J ftll ruj aJ .<jVI /c-^ bljjj-ui 1 A t k JUU» >JJ^ 4>* fJ iSUoJI (jl Cth^V La-ij 

cjljIS jjLI .6jLoo£.l Young ^-*jj rL>*^ o* oj^ J^ £*L°j <^1W> tnnll Ij_a (j3jj^ 

Loj^ < ft J f>t" m" {4j£lj|j <JLhol <j-a <j OjJ-oj «- (J^ /*-* f uIaaaJI a U I <Gi.l t ua 
(jp-^-o <_fljj|_j LlW «SjJLJl ^_A La I qLq-j c-fljJLJ LajI (j-k-i vIajIj IJI .6j.1L 1.1 LjjLo 

(aJjJI ^i aja ill 5jj m ft j-flL>^ u^ ^^ < jj I j ILc. ^£. 1 l^f^a j-Ic IjJj L<^j 

^flhr Ji±A V[ LuiLuil ui^jj V (^J <SUitS CiVJJI ^ jaj^ J0£. ^^4 ' J A ^ 

Li1a5Ij-o 3^->^ (i 6 j^ <L<L^_aj LljLi t^oh^ll J^jo II .^o a\ Loj^tj : ^^-lj (5j-^-» 

pL^jlLII ^_fl Jj^aJLll jj^j ^JLt 4-oMt iSUaJI AJ^Li lP^J .^ua^LJI Jj x^\~\\ 

jjj^JI <L*ltU («-flj *u>^ '^ ,ri ^ pJLaJI («-fl jtj^* '^-* jt.it>" \l JjjjuL^LuI aiij 
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JjiaJ V ^tJjLj ^1 «LflLLaJI rr IU i^nl ^Lfl-jJl Jj^UI 4>*^J .pL^aUI Ifljlf cJ/i ml 
W. ^jj^lu-ojJs aLJj 0^ 1846 aLc ^ <Gl dLlj < La d-a. ^1 4-Sj-J 6^,.V ^ " 

^ «aU caS^UI fit ^ pL^I» «J v "<j JI^L* (1907-1824) Thomson 
^plc JLLLSVI li-A uJa jJ5j .«^ nt j \>Jl b \ n II ^j-Jb iiLiaJI» $ 1851 ^.Lt 

p! ai tify II 1 j "i ft i A (j-^) S J j 4 j fljl oLeuuux2kJI 4Sj^ CjLujIjJ -— S U& 2jl :^j mW^o 
CjWI I (3 J ft uu ^.iJI 6AJ X n Jl CiLfc j a ^ o ,11 J-a-C ^^i A-J < (tlt^l^ I (j J n m*! ^^JjJI 

.£jU>_JI 

CjIj A < (t II J^Lk j_»j-HJl vlil t I ^ "t o^b j I m I m ^pfi Cil ftj fii^> II J-a^fl |j i t » 

tjl jj^j ^Lojj ^I>t5l ^bj (3^-"* ^ <L$Jjt -^-^ j-^LUI o>S-ll (>° lt'j^' 

miii^II 4Jt£ <—jj-*-^ (j-a l()jlf. J-ua -s> \ ,_lll 4 j n*S II _i 4jsLLJI rr 1U <^i ^ J n*" m n 
ViS *La^JI SjiJJ LwjL3 L^-Luo^J <Sj^JJ «LfltiaJI A,1a Onfl 5 j5j f<lcj^Lu £J>aJ 
(j-o dfjA-v ^ i LaIjj^o iklj _lll ilj^VI S^J&J I ml m^fc I niljio Ci^l£-lj <V\V8 

jljjl ^j-ij-a 4 L^ S I 4laJI Sj^UI ojljjl LaK 4j! 4_5jLLeJI Jfj-5 ^j .ol ^j m^ II 

A n(J t, Wli ^jl ^jS n i (jljlll jLajJlj Ci^oJI 

j5j .LdLaj La *^ ua ^j^-» f^ <^j nill X 4 I Vs II I4JL* «LflLLil A-JJJ Jj^A^i £j[ 
Lojic dj^'tn a j 11^ I fl*l^j ^^lll S^SJI 6jLlcl 4 ^j"*** r-I^Jj5Vl lift ^i\ J-i-ojj 

1^* a a ni^ L^-3j^a /J^l S^iJI ^jLi t La a^. ^-Jj f f' jLill Ajl^fllj <Lo I"m 111 a.i.1 i^j 

SjLt jj-fl ^JJjlJI J-oLaJI ^j^J <nj^ <^i l^lA .4o£.^juj CaA^L^oj lj[ C*I^>-o J-Jjl jl^jj 
ij-a-Lo ^1 c-flj-C Lq J 'i r, <Lkjj-Aj 1820 aLc. 4 " U I C . Ci^ mTi^I jij ,p Ini ^ Msif 

f^LUI t>j>f^ o>»l-S-j 4^. nj l^-*^ (Jjl^ JlA -^ *^ujjj_i_^j (^jJI) work J-ajJI 

CajI^ lj[ J^-ai! jjsJ ^^U I fl j r, ^1^ 5^J^' L)"* <l^iiLjJI 4iUsJI (jt gtTi" m\l 
iiLkJI ^ ^ m" LaJSLJI 4j ft*s 11 OjL^ <Cj-Sj_II j^l 1 JljJ=»J .4j n^ II 6JJfc t fl nVi 

vLjLuaj 6 j 4 »^3 Sj-a jjlj o^jjLj ^j-a -■■"<! 6j_A ^J <actual energy Uila II 
:^jl <llcJU: £<^ II I1a Jfti'tun <^Sflj ^kinetic energy 4^^! 45LLII 



2 &^JI X <1ZJI X = ZgjaJ tiUJI 
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& * 

Q A$ ujIj ^jb <I^jjaJI <3lLJU (^h\\\ ^U^MJ U^Lkj .<^j^ ^jLuili L>Sx£- 
(_>uij SLLa c jx.j n i,, t Lilit dj^Yi _lJI Sjilli :eJj^]uJI aj m-^ II <^J^- *^^' <j^ 
J£ ^ t LlIA o ^U^ H LfcUdjl <j£J ^LfjbL^jl jj-t >tl!l j-^ij <<u£>=JI AiliJI 

,<jki «J yaJH 6 1 -2>"l 

<<_3LkJI LaJjj ^ ^ «J ^ f j-f-fl-o 4-f4 Ljj-iiil ^Ul work «J-o-aJI» j| 

«J-oJlJL iLoiaJI *UiAJ (^ill La f-fi 1 nlf .L-ualLa IjJ ih 5" <J Ajij ^jl J^" mjj 
d>Lj Lojl£. J-a-tJI j->\» f-^" <j-*J *S*-°J^' ^^P LT^ ^LlA-ft <jX: i ^l"^J <jV 

Jjjl <<_4oi3jl-JI &>SJI O n h f- IflKj .*LUi l'ijlf ^Ul JjulJI jljjl <l n m^ Lfj 
<4 ni<lnftll S^UI) 5JUUI u-i-N m (j*^*J J^ f »«> jJj ^j| .<iai llik. ^111 J-aaJI 

J-flj Q .J-0jJI (j-* JfJ^ >*3 jL^jl ^« riVn (^jicVI J^i Jlill *Kj^. f^jllj LfjV 
aJjj .j i^IL> (jiuJ J-a£- <JSJ f I iAjI jL(i£, ^ r> 1 A>" j fl <JjLL (j£- 3-?J"^ L>* j f ^^ 

<u^jL-ua1 (jjb (^jJlJI gravity 5JU!JI ^5 j < j ^ ^ II (^-Lc <il ... n II Jni\ a m-s II juSi 

Lq_o A.Ln" a^U 5jLj| j^I <JI-aUI J-ii 6L^jI ^^u^j-j ^jJj-o ^^ <jlL5 i_5j ^1^ 
iSLkJI jlj^i <*i^j"''JLj .L^jLi^ llit LJLL ^jLujoj <aJLL!I ^jl juL=> II ^ Ljj^> 

jtj-t-aj ^^Jl ikiHI ^1 jl (LAjIIaj 4-a^g (^1 ^1 <fljjJI (ji j^ i'rill j^-a <I^jjaJI 

<^-JI i5lia ^J '^J^ ^Ua (^l JS 3 ^ 6lUij ^Ul J-ojJI .ll^ IdJJLj <1jL5 
*(J^" J rt< ^ H (^h"'-* iJ CH 1 3^^>^ fr^J 'S^J^' iSLLJI SjLi£. ^-S JjIjJI * J^aL»JI\ 
6L^jl j ; Ju jl ^jVI IV^rtJJ . (^jLujLluIo f6j-s\ftll il^jiJI iflUJIj fJjJXflJI J-AjJI 

jjJjJLc. Sajuklo i^lc oLAj dj^" ^^jJI <<*iaUI jjl (^j-ajlill :J^ili ^jU"tl Ijjb 
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<<ilkll ,> "Sli-a Ji-3 iS^Jli W * J^ 3i^iV ^u^ K^ JL«i-»,..l 6^ -5-3 JiAJI 

* . ° 



* 

^iJI JaaJI L ^iii ^Aj rjlc, (^4 <j^>^JI <5UJI J£ Jj^Tt OJdit .(5-3 JSLuJI) 

t -O'* 

^^Ic SjjUI ^ <SUsJI '.^jJllIt cJa^Alll j^dlli ^jlc 5k^.MJI USA I M^"t 
£lln<^A JjLSj Lalp.J .<3LkU <lol£JI «jLJLJI jj* <£-SljJI ^i <ljJhj .J-oJU ^Lill 

^'i^nj (<£.^-uij KjoJLo 4 L l\ <1j£\ <jj"^ n II <3LLJI ^ 'j^ b*** ub -J-**^ 

V (*-^ 4$j^"n <JAJa> <Jj£) <3UaJI J^o lo^. <LLl3 <j-^ (5^^ < "^" ft J ^ <5^' 
g j» s 

•yb-° 
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II 




<3UaJI J^a fj^ '^-*J "**-*ijH> J ' AS ; <itU dLilLaj L^Jji <lj£LuJ I a uiA (jj£-J JlS <j| *_o .6-3 J£uJI 

U>a '(jj-aJl Jj L j;fl n J-^La- jl m. t II J JjSMI <1>JJ^ -potential energy <lalUI i5LkJI cr ^uij 
"# " j'- ■* " ,c ■* 

Jjl.^VI <loKJI «GSUa Oil^ <5L1JI 6lA .<jljJI J <5Ua tilJlal jj£j jl JJ V ^ t>J 

JiUl d^>Ij LojAjii (6-3 J^ m 11) jjLI J_£j *Jj * jU*i hm JLII oI^jJI j>-o j I ml .>.j 



jii jJ <i1 j-o *JjVI ojjJI uM IjJ -J-**^ {\£* ^ (/\ 'tP^JI jA^ f\£* 'JjV 

1853 ^Lc £iu ,^*ii Ijj* £_ij dij .potential energy tLoLUI tSLLJI ^n ml 

r(1 872-1 820) W. M. Rankine C*^L> ojj&-* fLJj &\\\~< .«VI J* r» p «II 

<jjlil <3LLJI « t o'noI Lj j vui -i <J_jL2l1jjj « < 4 S LLJ l «■ ls n i ■ u j o j^l oAj 



*4e 



a, 



Sjljji. (j-ijl^o <<*J t aLIjJ^o^LJI a-1c IjjyLa^lj <<j8UaJI aAl. 



Ij-L U ^UJA (Jjl (ja-u 



^V (5) 



j^a «ui Sjlj^ *la.jj JjI c?jJI Kelvin scale jaK a-LJ (^IK Jj^LII) <jj_luj>jL »-ml jliJi jjSj 
^>i4-aJI ^JJI .Rankine scale <je&lj f-L- J <jj&L> f-"** ***"j *(^j" ^--> J 273-) jlUJI j*->^' 

.4jjjt^jji <ak.jj 460- jjft <ji jILaJI 
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J-at jLJ Lr k SjjUI) tUlUI <5U=Jlj <(<£^JI <NjTi J-o£. jL*-j[ (^Ic Sjjill) 

iiLLJI 1 t ,\ .,.1 ^a 4jM ;jo<H iJaLkJLi .ii-aliJIj <l£j_aJI ^LliLLJI ^ 3"^>° 

<jLUI .^^=JI J^Ij Mjjj JMA l+^J <^JI iiLkJIj cA^=JI cH 

u ^ IUi^> rt l Jj n .t. II IIa j^i frhVt niVIj .<-/>l" ^>iJI J^Ij subatoic (<jj1II 
<iLU 5ii*) ^hmUI'mo^JI gUJtyl ULU ^a <i*l£]| iiUJIj ££>aJ pLUI 

jLoj I nj oj .(pIjJlJI ^LLilj photosynthesis ^j *aJ1 ,.ij<^iJ1 jLJ *r gjj 

JJUj .<loKllj &\>aJI (jjISLLJI ^o uk tjio ^^1 <SjLJI ^ <V>1LaJI <5LLJL» 

.<iLLJI (jc <li^a-o u^-j U J^ ibti djdi <<jVI ^^La. (Llili 



IjLA ^o «LuLilLoJI qI a S uaJI «Lij^JI LoX. P^-i fc (-JjJLj V ^a-li .Lo J-a. ^J| l*i m^ 

^1 <SLLJI j-v" .. "j .<5LLJI 1j^) ^ jJL*j «L»Af! ^j^.VI Jj <^>4ll ^1 *-ijAJ ^fj <J i^^ll 
(Sj*^ J^\ ola^Vlj ^yllJI j-^a. ijSj <j^l\ ^ <*^j* L^jil V^k* L^ oj^i: 
i»Si i^tl £1 <causality Jj^j ,»11 Ua ^JjJJ jln^nll ^LajLuVLi f <l^JI ^j ,*ui 

j.l ml m.l ^IklcJI JsljIjIJIj aU ui^VI (LujLujt tiS & ?jn mil .<5lUlj ^JU ^Jja. ^ 

^ tsLkJI fL^^i ^^LJ l^SLi: ^Ulj ^^a. iJU ^i ( * U UI ^ii ^1 j-ljVI 

JL»JVI VI ^J^ mm V <-A^j mil ^^ ^JJ <^^-"j <l^ (JJ^J* II ^jIi-<JI *JujUJI 
.ilJjSJI <J <nl^ oli <1<lC, ^^xj ^^A iSLLll ^jU c^jj-cu Lft^j .<£.jj miaJI 
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jL^J J^-aJI J^iJI \jj> yi .7-3 J5LAJI 

<5LLJI Jj^jS dJjjj -tj^VI ja^ 6f-*^' cr* 

^^ jj ^JJI) .LiLuJI ^jjJJ il^JI 



^-o ^V <JUil^ ^ 4*tnKII tSLLJI .iJaUaJI A^fi-a cAj^i£-o ^J-»^ t J-ajJ 

O^j) J-Li^VI ^l <jji>1I K i i ii j ojj-lc .bMtl <3-ft <2uj <U -k-^ c^^-" J-^ : ^' 
Ji^ ^ ijxki\ eli^, Jlj U «Gl . (6) tLoL£JI <15LL J£ Slij <££>»JI <5LkJI 

■Uji mil <jO>" J*?.* <L$j-aJI <LSLL]I f lj>Ijl 1 M*S<W <<Loj}Lo Si j! Ajft "^\*J -J-*£. 
^jJ-jJI «U Aj.i j JjLS La 4 n n t lj_Aj fj—Lc^fl J^j jjkl LijJ £-flJj 4-*-S'J i-JJ »A i 

la $ I (^Sj-oJI ^j" -s f\ 11 LaLiJ (j^^ L lj_A ^Lfl fiijJLaJI ^j .(7-3 J< mil) 



(^ Sj^a.j-oJI d\ nj !■!■> II jl ((_>^jVI £^« 6-° Lfw^ CS>?^ LT^' ^Ij^VI (^i <jit JiLaJI ^ (6) 

d» .».» 4ai5ljj <la l^ <5tls U-^ t-r ■ • 
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^l LaaLa^ Jf^^ (J^*f <lol^Jlj ij£>aJI (jj'ifllUH £} ^lULuiVl I nlf. .J-i^UI 

<total energy <\K\\ iiLIJI J LkLii^J ^iJI <j>^JI I .Aji ^j't mV» 
J-*-ojIj LLjU laiftj .<Ijli <JjVI (j3jJJ £p>^'j j'tftKII ^jlalUII f j^ n j^-Aj 
Slj <UjLLil Vj l^lLL Cj^4 V ULUI 5! Jji^iL. ^aj <<iUJI Jilidi ^1 
< \HJ| (j^j^j uj^ JLojlLuljL ^l?tn n<Vl IiIa cXi\ ^j^-cmJI ^ ,*G_>lii «uKJI <31LJI 

^ ^^Ijujj .^tLlil ?-nj"*> <3liaJI JaLfiiaJtl <jl£ Ijl La j& ^ill ^ <jVI jt^^j 

<spacetime o^j- 11 lt* o^ <*^j pL-aill ^yi jj<fill £ac tlJ* <d 9 J.oill 

^1 < T i ^ j -(pK aJI) pLukiJI £_a £ljl mi n II Adi ^^-Lc- J-°L*-f L^ V > J c^J-" (J^J 
^1 <Liia.j <£-Slj-H ^i JLaJI J-A IlA -(j-0-11 J^-^< (><> 3\* V <iUaJI JaLi^l <jLfl 

^jl dLu <<S^aJI ^pi JPjjj u^'J^ J^-^ LftjjA cr^ 1 '^ .J ^^ jp*^*^' utP'>^ 
dj'tKjnllj <-ij uilJI ^ Lr lA SL^JI j-ii ^^Lt 6^4f ^L^'j ^UojVI LLiaJl 

HilioLi <<J5UaJI Jal ft-^ \V lj^>5j LLai jJb ^^.jIjJI (jJJ^ (J>*l-5 (jj^ f_t^ injj 

** ^ 't ^ ^ d 

^j^Uul (j^^- 1 1-oJ.J a Lal. A J (^jLo^JI 4_juujL-ujJ 6^mjLjuo 4 -^ iVi ^_A ^j^J**' (j' ^-*JL> 

<Th0mS0n ^jj nj-ojia ^^^ul n ^ \ ^jjJjuaJI ^JLaJI j J ni$" fjja LtLjJ5[ j& j * ...o" u 
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<Th M*» jni i 4-iLLJI JaLLdJtl ^1 6jLLa (5<U1 <^jJ mi ft*\" n II <L>j rol t n ^j-° J J *\g 

****** •»** ** # ** 

V <l\Li\ (jlj <3LkJI <jJfc ^JUJI £la <ill (jl ^ U^*L^J j»-Aj .<Laj$J <ill J-i^AJ 



«tl-Kll iSUJIj .SlS^rJI iiLUJI Uts* jJ wj ... ? II d^J^J JjU'll Ijj> 
LaJac 1867 Jjc Jjla^ ^LjjjaJI ^ji VjIj1«j LLjJj j^u^l <<palLJI JiliaJlj 
Treatise on «j^mUII <± mUH ^ d^ <jI^*j Tait cujj (^ui-ojL £i^j ^Jui 
j^Uuj £SLLJI fj+L* (jlj dljjl tj^ii cJjJI dJj JjUjj natural philosophy 

(jLojJ-A J aJtJ ml (1847 aLc («-^ <lj5LAj .pLiJ>J-ftJI f\J>$ gj n > *J^J-* LT^ 

fj^nll liA «liUiUl j,.M"inll .(1894-1821) H. Von Helmholtz JJJj«'/Ja ^ 

a£,jjij *{jSJ . <J_j-u-iiiii-aj1j tpljj^SJIj < fr j i A II j <<*ljMSirtll ^)-U <JLol£JI 602b.jJl ^jjuJ 
4 K iti n ^^.A d fl K Sj^jJI 6JJfc CjJJ-A -La^Cj-a 4 K m n Lu <jli <r-l ^ i ,11 IjJh 

r' s + * & *" 2 } ** 

(<LjLL-JI <JVI f I j " ^1 ^J <«T iA oli. SjjfcLU <<_LjJa 6J-<J SjIj^aJI O I k 

JJLj (JJj J£ tZj -y " II j v-jj^JI ^ j-U^JI ^3 («UlLjJI C»ljl M&liVl JiLLLuilj 

Sjj-uala tjil aJ 3 K n i rt II ^jil .(^-«1*JI aLoIaVI ^ ^J^>° L*^^ J* *i"l 6jl>aJI 

.&j uoU ftll pLjjUI JLa^ft ^jL^- <*^'j I4JI I^j ^| <XjLh*»JI ^wK* J^-%11 Lf lc 

dLj^Jl^ jj n hij A^Lo Sjl^aJI jjl <iL*^L IjJ <(jJ*"J frl aJjlII ( 2h° j m^ II (j*^ 

((«Sj^JI» (^jjii ^1 calor ?j\i"MJI < o K II <>> j^La ^Vl IIaj) caloric 
o_jL$ LgJil J_» ^t 111^ h ojj-U J-LjL5 ^j-t SjIj^aJI <j£l aJ .(jj-ojJaVI tj^i^LJI 

J^.t 5f Lo (^U <<1LUJI jliiVI 6dA jL> ^ j-s .n't j2 -f^*Lj Lsla 
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<L*J jjLi <dJj <^A ^^ij '«SjIja.» <-aK 4j"h" L» ja-iuij ^it jjL5 aLjVI aj-a ,_$ 
LJ!Lo «jijU» LpL SjIj^aJI fjc jj,\^T» UjV ««L-oj^JI IjiiJ jj-x*jj cJIjLo caloric 

J» s 

gj"^ * Hj f-JL*-" J4-? o-* 17g 9 ^U. ^ I * II (^o caloric i-cJ^ c*jJJ1 
aj-* 4 *- ^ ^b .(1814-1753) Jjji-<»j ^4j^ «B. Thompson <jj-uxajL (jj*l->\» 

aI_C A S I n H J (} 31 a 11 ^jii iii|^q (1/76 a-Lc l^" I S \[ ,-j| *— >J-Aj <(J'M mj) ni H ujLo ,_£ 
.j lUl «UjLojjJI ^aj^lalja^yi ^ COUnt tjJJ$J <£ljJ jl m" i.i i nj <JU^ n 11 ^ 

^1 jjtj L&^i Jj^* 1 cs^-") Runnford jj^i-oj ?io n a-jJ ^ «uU jLLLl jij 
c^iifi ^5j . ^^jj ^^ °^J i-M-^ <j±j£xxL&jjl> J)t\ jL-a ^Ulj <(Concord 
uij-iiu <jl^ ^Ul «JxJI ^i i^jiS j^j ijj^uuAjio jLh^MJ 4->j"» caloric <uK 

,_$ P-LoJI j^ ^J-J-" 18.77 A^4J .'cjjS J-U .re-iJj-i-o 4 a I ml g' Jjp m n ^1 *Lilc- 
JjLI i^^k aU J JJLJ '<_fl £a.jJ 60 «LjIjIjVI 6jl>aJI ta. j J .(jUj't m II <^a pLij 

.^LlaJL p-LJI Ijj <<cL 2 1/2 Sjj> ik^a-JI SjIjL 

V Lfl-ilj <jlj <>" miLj SjIjj^JI i^aJ^ ^j^-o-aJI (J-o <j1 <UjLaJi <j-a <jl %l"n ml OjLS 

LAjI Mf.l (j£jj& '^>H (J -0 -^ f-* cHJ ^'*"^"^^' <ia-Lol^j LAJ^^a i^.i^j *Ciij << ? i lAn 
** ** J tf C 



# <5Lkll JiLLaJl (jj^li ^ L^-aUJ| Ijf^-'J <Ja5jJ^I1 <JjJJI Lfla-i^la JlaA^'j <aU1I 
OJl (^-11 di jj U" II a lnn o cjj^* U' ^O ? ^ n U -0 O 11 ^^ t<Lfcl i ir^ll ^i <jjL^h i II 



^^i.1 slj-J (jl^^kil W^-jj 4*^ c* j !" ■ {^ ,i3L * ^j'^^ f-^ V^* lt^ ^Jjj^jI J^-^ ^*2j ^j (7) 
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jjJ fJbj&jj* fj\^ flj'il Vyjj-i jLft-*£i tj^a pLilc LaJ^jI SjIj^aJJ ^JLaJI LLa^ Q ^-Jl 
Jj aT»LA (jl <a *a^ I " * ^ ^ <^j_iILi_aSJI (j .ui A ^jjjLlD ^jLaajLlllI LHiS (jULLll <^jL»Ju2fc.jJI 

(2x>jaJl JiU*. jjt< ^4-a. H j (p ml jij .IjjJj I \\ i'» jiji^ II (j-i LuK ^jl j ^ II 

<^HI J-a-aJlj <((Sjlj^ II ^j'tKjnll P^L^-aJI » o*k-±* <UjLa~o ^ j£*£. j-luLUI 
^j-o ^J-*j^*t J-oLc jLaJj <6jlj-aJI {jJ* £l InH rt j j /A (J- *< J lr J J ' *"» ^ II (j^ ft J 

<fcAjd\ ^lilll ^ L ml ml \*y*> j ^a II IIa o^ •£->)" ^'j^J c*4 ^LjjjJI^-II 

Ljjikj <L$_a*j (j-o <<Lj1 J-aj .iSLLJI laU •% M (^jjjLSJ ^-A-jj ^ " II <jJ_luVI t^ ' p J-?\3 

Lijift ljXA o^ ^1 :p o^^ n u^ cA^* *^ .cJjU IjJ-a <K dJj ^l^ <<l!LaJI 

jjS SjI^^ »^r>>* U^'V *^ ^'J <4 i/*i"iAnll SjIjjaJI ^j- 6 ^^1 L-r ^ *^T^* (j ' rt J * 

J-«-«JI c^ 6^' L^j^ 6^ J^v ^-^ ^j-5j-L1 IjJ-a l^-A 6^ . JjA f ^ H J-ojJI o-o 

JJLJ aJji <Cjlj^jJl (j"fl*t \ \ ftfl i t-olj uUjJ <OUaJI ^Jb <J^.lj p ml jlla.tu SjIj^JIj 

• C^>kl ^1 6^.J (j-o Jj^^JI (^1 <^^ 

iSj^JaJI 6J-A Jj-aJ <^ij jJ-A fj-* J-ua-flJI <-JI J>»-j ^aJI ^j^ k ilJI ^jl 

V V j" m ^U ^ J^J>JI «(1889-1818) J. Joule J^ mo J: , jj* Sj^IJI 

^1 ^1 <i,>^J t^^ fj^-" J^J-^I ^ILu ^l^ IjJ .ia^JI <£l\\ i^ iji Jaaj ^l£ 
tluJIjJ lL^- jjnn"\ ml <Cu <^ll <AjlaJI «Gjj^aJ* lH 1 ^ *^>-^* 1875 a!x. <JIj-o1 CjjitJ 

<pLJI dj^aOJ LILm Jili i^^ixJI rotating paddle wheels ljjj\ ■ ^^-n 
Jj^aJl ^a-JI (j-o jjl oIjj[ ^Lkl^ul IjJ .8-3 JiAlI) pLJI Sjl^a. ^UjjI JuLij 
J ' ^^jl ^LaJ' Sj>a> 5^ j j ^^J jvjiUl J-*jJI <-ijlJLo ^jJj .Sjlj^. ^1 JajJI 
£<j\KjoII p^KJI J.LS £lkL^I ,jiVI o^i jUiV ioJ^JI Sjl^JI <^ ^k 
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jl^J JO* JLi .8-3 jSJiJI 

J^LL ^jJI U*L5 ^Ul <iL^JI 

4jijlUf>ll Sjl>aJ) i_jLu*aJ SjIjjaJI 



/jL& <<jVI £ J i fl o S^ J ***** lH"^ j j aSjI aJufc (_>"4*5 ^-o ^S a" <Lj1 a-oj .SjIj-aJJ 

e # ** " ^ - 

^ <dJj£ <5LLJIj <Sjl^^Jlj J-oaJI M£ l$_» o^^ lt^' ^^^' oM ''^ <ul4-*4 
t^jJi ^ <1ja Jii :3j51UI (jj ld^ Sjj» m Sju^j (J) J^JIj .joule Jj4-" 
U^2 tiLJi Jl^-j *jj J^ ^j .J-o-aJI (j-o j-^lj Jj^. 0>5 >?^3 ^Lu^VI 
>c £jJI jJjj ^oJI J^jJI <> J^. 100000 *Uj ^^ j^i lil <S> 100000 
{ja A\ o*s II cd£ jjijjJ plaiJI (j.* p* y *-* dl^ o 3 < i il t*ljlf. j jxL ju <j"°J ^dLa-uA2k 



r)y* LaJ-i-c <(N1) a^lj (JH,>jJ L* j 



. S^i *L» ^^i^ ^Ul JjuJI j-A (J1) J^I^JI J^aJ) (8) 
,SjUI £>L^jL ljL^.ij \jlja LAj^jL* 
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JJaliij JajG Lf il\ cjVVI ^^j ^Ajlm JI^ iiLLi! balance sheet i^-ojJ 
? s # 

^j_d lj_i_iS La m, il <Lc n n -^ n J^Sji fJ ,-jLIIj f<...i"\l \f\ II jLk-jJlj djfj-^Jl JL&jLLujLj 
<£j*J\ ill JLalaJ (^jLt fllJU Jo5 ^jJI <3UJI iiU^il o>^ ia^^ jj 

perpetual <_^loJI <£j^JI O .L$-?JJLil ^^lt J_^*Jt ^j^ 6^ l^" <-^ Ij - 11 
.ialla ^jj L^il <J\ fjj5j d^^" ml jjjj iLa£. Jjj jl^a. ^ motion machine 

cJIjLo i^UI «^^aJJ ^; — » ti C^V^I al fi *<aSL jX£ tjJI't^ oli ifllia <j! Joj 

^Lj (j^Jailj Ja. t>aJ .fld^JI (j J,*"' J flfl^J^fl" jl 1(3 IflaJi (Sj^i LoJLa£,j f^j-a^JiJ 

CjULcjI J^Sj (f IjIa.VI CjUI^J Jja nn ,li"K ftj) iLJjJI Jj^ pjj f <kia^lo <5UaJI 

.£j\jyjl\ LaJj-uuj <1^-o «LojIjJI <S^aJI (j^- '-'^ »H j/*V <l/^J '™^ Ifl ?^** l *4 



,<3LLU ^Ij^hn Lo^jI t . a j*yj f JajJIj SjIj^H J-ol^JI i^-illj .«Lod-uJl S^kiJI dJi» 

jlfl *>i*JI ^ ULc d)-i^ La$J .La-A^d^ (S^>>^' f*-6-^' jS^ U k'* V» (j' ^ ^ 

j-<_^J Jj^j V <i ^Woj :^jj^j-a U^ H Lh-^ *^j4 f-f^-ll '«J-* j-*b 

(jAijjJu .^j-ULjl *I^)J Lo-o Jju»! A H^jLaJl 6J-A ^—fl f(C^* ^J^J 0^° ^ ^^ f<JL-a^ojjl 

. 9 j| lA^aJl I JJb 

(S^*. Lo JiJ U^Lkj (J^aLU (jASLlj _ J^JSil Lo^ilc. *ulcl ^jJI Lo *Vj1 
\UVA SiiLLJI JK.il ,> ,j^-i l. J; l< J^Jlj Sj^aJ oi - ti^U. <J>5 



facebook. com/ketabme 



^ r< IU i^ioJI L$j J,n**i it.u ^^jJI iflj^LJI t flll^" L^jI «_o) LoLoj 1 (} m^'t iiLjiJLj 

* i * J» 

jiil mil d n i iftLLo J^ Jju i*l tlf i^a »Q «SjIjjJL* < j j t *t LJ dLoj4-Lo 7"LlAj| ^if, 
.<1ojjJI olijU-JI ^ jdk-ua^JI la^J JjAaJI j^ ^LaJI JLaaI^uVI <_j.II SjYimrJl 
a ^ I II IjX,^1j <jt JJ-j «ii^JLo 4 n K iLoJjuIl jl" ^j Lo LJLt <tt IU iri a J- j-naJj 
pLoJjul _**() * Lo I i II f j .lxLfl-TTfc" 4 i 5 m a II A n h * II < jj ftj^* mj aj il^.Vr.. ^jjfcjjlj 
Iji^AjJ Jj «pl^JL-iiJI <fjf^ ^yl^- p! <A5ll ^^Ia. V j «SJjUj «UjLo oj^li V *iiill 

<jL - JJ5VI (jic IjU ift - <LJalUII ^r a mu iljjiaj «J^jLLo £3lL J-A J-ojJI 



^-i ^jjjj^-o p-/--ii *Loj <j^ ^J :iiJjaJI JjJs dj ^ ft II ^i ^"-^ f* J-ox. du-A j^Sj 
Ijjb jjh i^jj^ll J^Ja d^-dl ^i Lj3^-° 6^ ^ .wiA^JI jaj d>x ^jJI ^^5-^1 
_ !v^ H jaj ^^Icl iSLL d^L ^aJI a >m^ Hj f <jbLU jjo t ii'i ^ill J>a^«JI * itJI 

iliUa CajL^ Lolji <Ltji >> o Lijj ^1$ lj[ <j1 j\ f^yl^l <^>aJI <QJ5Ua (jJ^J ^ 

J-oaJU iJaaJI jj^L t> Pj^JI ^1 d^JI ^> blUI cJSIil aU .^l tlollJI 
(jl <jjj «IIjaj-o)) <AjIj-oJI ioKJI j-o3 fjl .Jllil <^ill p^j-AJI o^Jj JUSj^U i\S\ 

jLg^ ^1 jt) d j ^ n II 6jjU n .11 4-5LUI jl *<JUJI 6JJ* ^ '(j-A-*^ U-i| .iiuiMJi 

*T Q *a^ dJj --'i.^^J >1 ^" ^ J-AJ MjJ I j) H «»" «"I J^-claJI (j-o jl^ /<jJ ^>iajj 

" # * J " ** 

UjL >-> 4^ IjLu m^j aJj-a Jji» m" I J a* II ^ SjliVI tj^-fl-oJI <j-o <jl£ Lojj t^lioi 

Lg-Luaj.* La! iLoAJ mi! L-il 'n j IjUbj <J^3 ^-ij-l iiUaJI Jl rt»"t ml Uij j J 9 n t (jl^ 
o _ i 'l i -• 

iiLUI Jlin j) «Sjl^JI ia.jJ (ji jji < -> j?i 'a <J^Ll-o iilL ^ Sjl^aJI 

uLa.^oj V ( d u<a Q a ** o Sjl^a. <La.jj) ^J^ (c-^l (*^-'L c ' ^jL^ ^^J^) §J^ U -0 
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f "■-> H (^i <jjl>^» fj'j^-l J J^J ^J fd*XaJI Jjjb ^;\ftl l ^ i^j>k-o Sjl>^ 

a ih-> Ll j iithlA II J^i * p.ftJI ^ «LijJArf» 4-Slia £a5 (jl^ .£»J^JI JUlj JaLS m a H 

J^C a m-% _J[ *j}fl ^ iiLtJI JJLi (jm*> **3J -j d "*>**! <-^5 -W I ^ II j^tt j! <jAjj 
.JjilJI P-^y-ill V (JUSuljVI Sbl ^ AjI^aJU «Sjl^aJI Jj^ia 

# „, ^ * „ « •* 

( ^£, <(m .*< ^j^, jtx\;l d ._* y*^"j dj a^oJI 7TjL^ CjIjjJI 5^J-^ y<Jl >1*^' l'iii U" ml 
(j^fljj jl (SjL^u ^J^^ LT®) ^ ^ Q -^° J^ J**^ t*^ iS^ (j'ii'son (jJI (LoLaj l-uS 

^JJ 4 ^ iiijj^LoJI <K>aJI oli '^* .(9-3 J< ui II) u^flll 4$>a* aUJ) t^JLb d>^JJ 

# s , * „s t i. i." 

I 'i "i^ a jj «(jljij^ illaJI Cjlj-fl-*i jl -^ j II Sjj5 a-ijj «dLlj ^ y^iJ •^fJ^ h f <ilc 

<Cilj 4 iii 11 CiljJ <JJJ I *>" f I U" inL Jjl^ Ijlj *J-a-*-J AJ-AjJ <ij-^JI 6J-A Jl ah" ml 




§, # * #. * * 
* * * ♦ ♦ fji 

■ * • i . 




J-Jill-» Pe>^ £lj^ ^>^ '-','^J P^-^ J •"»"* isLLJI ^Li *Jac 3 f * '* U^i^ .9-3 jSuiJI 



facebook. com/ketabme 




<5UJl jis ^ .10-3 JSAJI 

.CjIj.Ui *tSj^ jkllaj Jla-i (Sjljja^ 

Cl*W) *jl-P^ J^>JI Ajl^-J 
Jj^. S^ J^fS l^iL (<*IiVI 

thermal ^jljaJI jrL^-N lia JLljJJI 
.motion 



J^aj Jltj *Cjl^>i-*SJt Lflj jjJj (^iJI <JjjljJI <K>aJI jnin d^pJIj Ujn-v LaLjjIjJ 

^L^j^JI jLlil «UJj-aJI oLijj^JVI oli <<LjL^ (^j^) l^^- £r^*i '^ '" 

jLjJI lift ^ SjUVI c j^a-oJI ^ .j uhaj aL^VL dj^aJij l»j*> LaUJ^J ntW mil 
^ij .Selili ^i £%>*£ d>~> o«^ Jj> <> *M1* <<>£, jUJV £%>«£* 

jJfc liA .(cAjjjJ^I jl) CiljilJ iakliJI i^^JL LUn^a J-a*JI ^jj^J <3JU* J£ 

"ST " *; TT 

t s- C & 

«LiLwa ^>=J Aj-^J *^ 'O^^J 'J^^J- j'*^ >^ c Wo^ V J m m <5UaJI <jLfl <cillj 

thermal L^j'>^ U.Lj^ c^IjilJ <-plj £ t II i^jIyutVI ii^^J 1 ^^ ^i 
<iJI LJ 5j^e ^ -<SUJI JUi:l uj^L^I ^ji 6jl>aJI ijl>a. ^iiJ <g| .motion 

* 't. 't, " * * * *- os -» 

^j| J^iJJ iAjjLa Hj^ia viilj ^1 JJj £yj& LiAfi Ijl VI <«J1jj Sjl^aJI» ^J J^JI 
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}ui Sjl^aJI j\ f\c\ J .AiflVI ^ <<5jljLJI ^j .Jjj-n hmIL jl Sjl^^ Jlis <3LLJI 

Omjl Sjl^aJI .(LH <lal£ ttlLj <£>=»> <5Ua JLa) JLojuUuVI jSLi» ^Hiinnll 

^1 5jLi.)U ioS^L» il^L <i^^j VI Pj^-iJI I1a J1*J Jj^j V -^jL^ ^^ 

. (9) thermal motion c^J>JI ^LfJl <5LU 

<&lj <tif JU,^I ^i iJiiJl <5UJI (^Lai :Sj>=^ «paLLJI JoiLLl^ul <j^-^ <Jj«-^l 
f?? & 

jU^Vj <j^* (>liil Cu^ 11 lU 1 ^» ^1 (§J^ K^ 9^ ^ 1^) jrU^-^VI 
.(11-3 JiAJI) olnn«^"H pI>J ^i ojjS pLA5 >^^ <5JUiJI 



l$ HiVtl o^-aj <3LUI <ji *^tj J ! cr'l ^J-^J o' '*H^ ur^Ai .<3LLJI kia^I* <jl lla. 

<j^^aJI jj'ilUII (j-ij JjLlJI J^^aJiJIj Sj w >a1aJI jiLui^.VI <S>a. ^T <dynamics 
JjLi^JI jj^"tH ^aj (thermodynamics 4^'- i e J >> j *^JI JW-* * ^eb <tuKJIj 

ia^j iiLLJI (jU lil .«LjU jl <ijl-v n Lo| iSLLJI <ui tjji* (Sj^-t ^^^ 6^ ^° 



<51L *<jj^ <5LU *Sj1^*. * v ^ fUUfl _ pU_uiV1 ^ (jU jl^Vl £l* -t^JL» jJlaJLo w (9) 

■ I I Min J f£j£i1 J^J Jjl j^J .pLj_£VI ^1 SjLtJU <x$yLs JSI^L ^j-Mi Cj-uJ _ OSIjai< 
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sj^^lji ^ <-«>£ j <; n. h 

iiUaJI E b - j -y J-O^UI 
aifj <SUaJI ^j^M^" ...1 ^^k 

utJ^ Ij^Jo-j Ca-jLS <6^l^j.jh. 

•S j 



^jJJI C. Maxwell J^j m^La djM£j t^uj-ojJa £/>-*- ^ L^lill 6,1a o>^j 

' # * ** o * 



IU 



" * j* * * 

.j-iuil tli^ullo <a\ <<J JjJa> V «Lak. (£0JI <<ill j*i3 Laj VUU >^*± Cj\ (Jj-£lA\ 

j\SLa tJj^J (jl^ Lajj Jjj^u^Loj jjJ^ua^L ^.Lol j^>j Lojj ^jJI JIJ-nJ' <jl 

<<JJI a^J -^ Jj^j o ^j '" 1^* 6-* J^ j^ <j^ 6^ ( J^-° 3^- 6^ jl'.^nll 

^jl^ jii (il^La^l* iSLLJl Cijl^ l^Jj •&-$-!! J-=^ tPl J>*^* ~>f** g'J n ^ '*■*-* J 

uxAj (^tUl J-A jltJnll IjJb jj*^ Mxii <(jVI 64j^J-aJI iUJaJI jIjjLo ajjVi Ujjjj a » 
.«l&JI <SUJI jlalo J>xl JaJ U.llia <1j <jt lu .t_S>U V UjI 
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jLLoJ ^j *(j-=»jVI L5 -Lt jj .^LcVlj ^^i^l^JL jj<4"ll «Hjlr. fdJjj dr-LliVj 
JLl^i <iSjJLaJI ^j .iSUsJI ^ JjLa jjij Jjtj-* aJ^ C^ g-*-*-* "'"^ <(^H^-" 

4-ljU-a (9 J M&iJl ^ J j i^$"IL (£>a-«j La^) «LlaSJl <jV cl*^*-" A '>* '-*- ft >>^ 

^ llik ^ IjIj .(E=mc 2 oV) iSlkll JiJ, ^ I4JS SjUU lil ,£SUJJ 
jLi; <>>j <<JjU <11S i££ a^j \xk± *^>JI tlijiJI 9'>^ lt* f>>?^' J^ J^ 
^j-clj tl^^J 6^ y > j <Slj^ II ^1 Ll£ <a 1 % II ^ LLil 1^ aML& <1K iiLL 

-'•■M ? -1l |jjfc Jjjl I fl |< j IU <5^h n II <J m^VI iiLL JILj v jI ^ " II .SjLJI 
. .AU'll <5LL ^1 6 mu <j1 ^ dlj ^i jj<^"ll Jjl^kll t$^l .<5LLJI .ruAiV»! 
. (10) <ikj| <5UJI JiLiAJl jljjl , v jUUI jljjl Laki lil .LjLcu Luj (jJSliUl 

^jp-s *j^ lll ^jaj <LlL5lLL]| oljHulll j i ft^ < ^ 1 nVt LojoJLd t* \\ r - 1 U I ^ a! (j ,m| m "«^ 

* s ' *> 

Ijo^i. (j-aioj <JjL$JI <J ^aVI <j K II LilSLL jli fl<j m$\ olj^ Jl ^j olj^JI 



IVi<ftj SdJj «Uiiu La JjlAj Ij-iS Jjhj SlLK tflLUI &1a u 'ul" J_A <<^>J 

f j-*-aj--aJI Ij-Aj) AJJ-aj JjA-o (j-a^-flj Jjj^ll <j_flLUl 4 j K II tflUaJI j^^lc a^^ II 

^^Vl £J,hII ^1S15HI ^Illl jli I3U .(8 J^iJI ^i ^ujt Jj«^i\i JjjJLo 
^ oloUI J1.U; „^ a j n. jJLJJ j-oVI Jej^ 1 J j <" "■ n II oM '^^J ^^eV 1 
6j^ iAIi 4 1 itu IiIaj .icl_LaJI A.U5 (j-i-a. 4 Loij ( _l£. aJL«JI jl^-jf Ijjkjklj tjit^'it 

^A dllj .Ajcj i^aJ La CA j| (Lus^LLla Jja. ^>^ P^ ^'^4"" C5^ cf^"^' ^^ 

Jfon.JI dJjj .(12-3 JUJI) ^jVI <J\ LllS <j : - ■■■>■■■ ^luijVI <JUiJI 51 

" fi ** ** ^ 

ijiiiji v a r,, ^ oiuyij I4J ^axu3 <^>aJi 55LUI t> j!>u jli* (^vi ^ji 



O^i I^J ^j-^JI ^H ci^ 1 ° 33 x 5 - 3 " t^' lt" H -"' <>jVIj u ..n.t.1l ^ v JUlJI iiO, Jl (10) 



facebook. com/ketabme 




<>3« 



C-L^ ^ J^Vl (jJl Ij. ^*±L> U^lc ij^j U Jl S^SJI <> ciljLuuJl j^ - 12-3 Jiidl 

: Vij iAIL Ci^Uyi <£>uu IfJJJU Ljlfc £ni*h.j ^° LfH ^*'' n ^ ^Luj-aJ! J4-UUJ .<jl$j}Ui ^ l^JjlSI £-« 

OliiJI cat* IjLi .JS£ Oj^I cA 5 ^* J1 6iA 3^ ^ ^WJ' -^ 6^fJ> -v^b c^Uyi 






<£>* <JL> ^ pUJIj intergallactic ub>^ j^u pL^UI ^1 i^j-^ f^j^Jlj 
^Li <ULG ^jLuil^ iiLkJI ^ ^jU^VIj ^jlmll ^LoL^ujVI u 1 ^ ^b 

<LiAJjyLj ^^>^ £-* Ua^Lfl LLal p-A-ttfM 4 a "i^a (J^J <ljJl 1 i Aji *-jmjT\j «ti y^iJl 
j'SJ^ f ^11 oMflVl itj-xoj ^ylcVI J-aJ SjS Cf -0 ^ *4 '"J l^Aj 'jL^^'j J a" mrtll 
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J^Lk 1 (p^ I *CjMi^U il^^aJI <iLLJI <j-a ^ 4^j La L^J oJ^t f^ U-°J «LoLaj 

Jxa Iji-ua C*il^ l+Sl JJ V Sjlil £kil <5UJI ol* <<ixKJ'j £?^-" ^ilSUJI <> 
L*4 t£ J >* cr^" ilal^-aJI j i fll i^Vl tlJjjM " 1L laajp 6JJ* o J-*l>£ AjJh .pJjJI 

<1K!I 13LLJI £t$j j^jj IIa ^11 <(8 J-uaUI ^1) «la^uijj JiLL tjjUI £jLuJ 

i « * * » 

ji-uail <jjl mi a (^j^j aii *<iiLaJI ^j .j4 .V^ll <j-a m'^I (j-fi 1^ <jj^>S tjj^ll 

^ Jx>^-" LT^ 5^'-^-" O- 6 S J ' .^ 3^ J '"^ *^- A -* lA"> J-Lu=a-aJI f' LikjVI t hi'ijj 

^jl^aJI g-j6^1llj SjLJLS) j^Ij J < .t. s jJLLJJ <1jj-JI oU^LjJI ^^i Lu! 

,<3UJ ^i jojwill I1a .(J313UI) ^Vl l^JliiL &UJI J^LJLi UiSJ <( f ^ill 

.^L^^U ijAoJI <lolljJI ts±A uj^JI C^ ^^' ^ **y^' *l3LUI V 

Hj*J<joll 5 j j*i< II <_a-j^>J»JI oUI .^^iVI j^li .jjIjiJI ^ jjjlj La-luAjIj Llii 
d-Li ^ Sjj^-o i-ckji I4J ^X^ u^ 6^-*4 iSL^J' <jl j-* (J J «^4 II) ^IjI^JI 
iiitj .±?i\ ^1 L^l^j ^ic pUJI ilLkJI L^J J-u»lj5 ^Ul JaJU iJUJI 

*6JJa-o <5lL dliaJ V <Jlj>l y>^ J s>^J ^ (5^1 tfpjin^lU *^liljUI «M/lKjJI 

o^fl p! inti tjlSVjLj ^^-3lj L&jjj .6j)jj tAlU A h 4 ^ i ft ■*« *■' *' «CLSUa j^Li ^j ^j-^j 
.<Gl^ c^l^ U f—^ ^V U— ii ^j «15/ ^ 1 1 yfjU: ^^V) Jc o^UVI fc,- (1 1) 
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4 JuaiJI 



i-a£i*< 



j «- 'S 







(^jl^aJI idjjaJJh .*!_. J'*j.tj^5ll aJc j (jJ^I U>J^ <i>»-* f **£ 
^t.M<ml fjjjl £1 5pI>5 ^^idu «UjJu 



jSj filSUi <HJ1 ^a 4ijA»ll iJjuuiVI o! LL^ <>bi L» Uli. S^IS L^ 

Ji-uu tjl ^ft-j «SJoa. iaJLa-o gJLau ^1 «Lj^Ua L*.jLJ1 <4<jrt*1l iil^VI J 

.C>j-aJlj| <^aajI^ <£J2jJIS («U-Aj-Jl 



^aJI a I % II JLa^o jj-fl j-aj j j ii " II J--i-atj (JJjlIaJI LjJIJ-wj ( jx. Jj-aJI (jl 
JujA^ ^Ulj (thermodynamics (^Jj^JI A^j -\ 3 II) dj A ; uj^pJI 



or~ 



6jjjJI ( T i I ln*u <jl *j" ml ^V c<4^Jjj ^^jJI CjUj^ i^II jntt (3*° J)l"fcJ V aJ^ <j) 



.The two cultures v l^ j> ^LiSI (1) 



facebook. com/ketabme 



JiSJIj ..JlijJI ^> Vjj <liXoJlj <£itkiJI <> Vjj 6jII5JI JloS L^l .(1-4 J^AJI) 

fJL*JI IjJfc v2*La_«j ^ £*-?* J^ (c** J^.rilLj «LjjLIcLjj <Laj kj^"t ^JlJI iLiSaJI 




jJUJI ^ ^>=Jl ^1 oLLLiJJI Juj <g£J Jhjlrj *Su& gJ±J\ J>~JI j^e »i3 -1 -4 JiAJI 

o 

Cij> <^> <a •% m 'l j o-j^J' ^'j^ *lP'J) '"■'' ' ** ° *— 'J ■ j ' 1 "*"* 4<-*"^l 't'J. * 'J ^ » ~ 

_JI J-j-OiJJJ Ll^Li - <LJj1aJI j tftl m n II «^JIaJI g' t-% 1 A II <cAajLxJLIIj Ol n<^ in.4.11 
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^ <L, Uj a " H rjJ-H (J"-^ /5-^ ,>* JLJ f^* <4 ftjfc* 11 l_Ajlifl|j <1_Aj-Ajj^ 4 fl j ^ 's II 
^'m <4_flJj_a^ L»lj_^l (S3ji^ l^ 'rjL^' O"**-* ^J^ ui .4 1 j mil <j-o j^J (jl^-o 
<£j|j^VI (j* <UaJ H aLuiSVI (£j* <j£,L£i ^n*»J .^JIaU UU Li^-fl y m*<i UjI 

L^>kj Ijj «ul jjj <laJi Ll^jj j' LiLLc Sjj!Lo o mm I £>ld^.VI Jl ^^1*.* V Haj 

J-i-taiJI lift ^ aj^'i utj .<lLLIj tjj-" t^j^ r^ "'^ (3->^^ LliLi <fJLc ^ m t * 

»jj-*itiJI 61a o V* ^jLLJI d^-JI j-jj ^jijJ ilj^-VI JLa. <j£. jj-£aJI illjLj 



^^i <CjIjj***i II * j a ^ I Sjt i^> o Sjj-ua ^ Url ^jl -s \ II dj -s n II (jLj dljjVI jjj 

££j-i] 4 K mi ft 6*J-Aj .Jj-tj MilJI <j>^' ^"^Ij^ iS^ ^J^ 5~tJ <J h i T M tn\\\\ £xj&l\ 
< j i <•> i II dJj ,-i jLaJI <jl£ LaJj <QgJj"^ J^^ ^1 (£^\ ttdu^LljJj-ojjJlj jliu 

2 /^j t i.iVtfl *» pLLlLujL» <*G1j < ( , i<al n. II (j-o Pj^aj-e < *l> al 't i Jj-ojUJl ^)j ^jia-» l-^j 

- -» ** t, 

Ti a1 dL ol LtJj *j" H Jj^ (J^-I -J-J^aJI pJLxU (j^LJI a fl fl J SjjJaj «LflMc di I ftj 

<5j itfil i o JjLjUj ' *1 i al Li. *j *j" II j t nij" LjJjI Ijjj <jL>JuaJI a II a II <aij ,_i LLla£, 

.^UainJI J^jjill A^ift (^1 Jj-e*j «CL*, mu <j[ J^Sj LajU 

j j hit ft_ujQjl (jj-^* r^j^ 5^j^ *L*** j**' '" ^/c^' r">i ,,j ^j j «i^-iJLuJI ^-jjjjj 

^jLlu _ 4j_jjVI frVj-A .(Jj.La.ljJI pl a J 9 II ^ J-Vjl Jj^ I (j 'S U m ^j-Lc j 4 U J I 

ciJjjj <(jiK jjjJ) W. Thomson ^ ■>■ «jj* fLfJj <S. Carnot j-ijL$ 
oLat^LuI lj_*li _ L. Boltzmann ^LajjJjj <*LJjjJ <R. Clausius cj^jjjj^ 

SjS^ J JJJ Li*tiV> m .(jJjLi^JI dj"^ n II j-A^ak. .J J_uajjJI /jit- CjJX,L^j aJj^ h i n 

L£ dJjj ((j-a^jJI IIa ^jiJa ^i ^ij ^j^i-a ^-aj (iaJiaJI entropy «Ljjjijyi» 

.^J^.1 jlsa <^-a-j (J -0 AJd fl-oJI 'J-* *>-s!U n J^J '«^LcvlatJI P^f^A &Ij 

d^U-V l>j Jl^ ijL^JI d>^JI j,li /jJ^l j_^LlII jjill Jiljl ^i 

e-Lij^Ll-tAj I 'l *i^ I < j J i J U L^.j^AJ I ir^jl Jjua <Lj1 3^'^ <-'^J tc-9 (^j* mj <6jjill 
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C^Jfl m" JJ*-J «LjLLjJI olj-tsLLll jLajd-tul 9> j-u-J «jLusJLiVI (jI»L*-j[ ^1 <_£jt 
JJj dJLJ ujj miK II Jjii LaS <jMa1I <jjLua!5Vlj 4jX.LoI^.VI 4j\»H Jj^\g «JUa 

di 

Jl *> i II J-J-C- tJJJ J^ t— i-5l^U (j i ,t ui-Jj-Lll (jj-^ ^*JLS .(jLojJI (j-o Aj)^ \ jl u^-* 

**"* "* s* 

< j II » 4 jjj*j j-& oj "ij\() n II «uJJ (_a j ^ j Lo {j\£ -($j~y ^ II a^^LII ^j-I-c- <Jj <^>^ II 

jL^ J-A ^^ .J-fl! ,^i» ^1^1 J-o-£. ^lc J j m ^ I I i-LA-i <£jLLjJI dl^a^JI 
JkaLuiJI (jK J-A SpI^JI JU»" ml ^l£ Ol £1 <dJH <jlj ...j J ukil pLJI JUa"t ■■■! 

^(^UiljJI) o^ljUI j^iyi jjUsl £>U» &U^JI (H^ 

u -^ ^ " Ci "jl N /.-**■ I' 6 J i La n II a j) i it II j-^-C * U ih Ipj-jus jjl jJ& &J_2k. Lo 



Jj-S .1796 ^Lc >ijl^ c^L^ l^f^l aJj J-5J .<jLjI ■ ■■ 11 Ul—VI u-t <-*>?# I 
4,a mL> LaaI i/i nij ^j tUU <lLl2 IjJj «^jL^VI /«-L& pj rt ^ tr * A " ^fj^l o z ««Ij-jAI» 

I o (j " 1 jL^-a fj£A .(j-t^JI C^JJ** '«t» LjL« ^1 Slj^h II Lo-^J ^1 i 'S "i aJ ^^^-l - «t£*il-»"U» 

^1 ^1 <<jj-^.1 t y* Jj-la! Sj-o (jitLc (^*UI 45jL»xi ^L^jLj I^Ai c^ •> *> iULUI 

o ^ -P 

<jiK <Jjic <JLjjt j£. JIj t^Jlj <Lfji,Lc ^^lll Sj-aJI CijI^ Jii <£jj i^i^a c^jI^ 
,-JjJJ L^ftjS ^^III <ajI^1I cULfl u.VI <ajjj *to-uul A j^"l 

pj_uj j^J ^^la. Cj^-U Lfj! <^j-i (^t <jJLc Ci^l^ «La^i ^jJI ^jU^JI d>^JI 

<jl j-A <6jliiV ^^-L^VI «icj-L-a ^ JSVI ^jlc) ^jl^ u- ' J^J . ^ mj I u .Vl «u^i 

LaLILLS ^jjJlj «cillijl SJjLlu CijI£ ^IJI Sjh\ll 4?> ini ((3^ *^J cj^ 6 j^^ jf^- 
^xlcl jSj .pLoJI 3^*^ Jf^li^ Jj*& LaJ^a ^^^^a^o jjJj Jjfl <<(jloltll 6J-A J^Lkj 
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dj^n ilJLaJ fj\ LajLLo <J_A^ji <-=>^1j (^-ll J-uajllt <^-& d£-&J <^ UI -s II £j_^xuJI 
VJ (j UUXJ V _ ...tpLaJlj CjJjJI Jjj-uijj dlLiL^VI jLjI Jj&LaJLi _ ^LLo (JjLa^j 
lai-uaJI ^-a <J^ j^C J V\ u i a IjJbj <SjjLJI icjJLJIj jL^JI g- /* ^ II SjIja. CjL^-jJj 
jji IjLa. P Jjp m a II (jj^J (jl oaj <<JL*i (^Jcl jL^j^U I,Kaj . «loUJI SjLJIj 

^ ^-jf *^j I^a -u^- )" j^ * j jW SjjLJI <£.jJLJI (jj^j <j! 't 1 ? j j '6^-°y 
<4->jjJlj (jjjj^JJ «lLILLjJI ^jLuJI 6jJb <jl u>^f f-^' *^ j "«iT^o n ^j\£ 

** 't 

<^£j Aaja*. ijii fJ Reflections sur la puissance motrice du feu (1824) 
<Ujk»ll j\£Jft\ ^JM (^lll <*jijJI Lj-LaJli .LoLoj (jojjJ ^jiJ t^jlj hm II ^-aaLi£. ^ 

((1 907- 1 824) ^jj m ^ji=> r^l-J-Jj (^*^-» (J- 1 - 1 ^jl^ i-«A O* * O J re_jjLlj| j— ^ «Li-a. 
(^ill *^lK JjjJ tjU 3 J-naUI ^i llijj Lcl^j .(>aK JjjJ Jjlj La-xi jLua ^Ul 
«L^lalll JaLLcJ ^J (J. JOUle J^*. Q" rt J? <£jl niflA <A(j ml f^ifllll IjJfc J)"*"* "'J 

JK ,t,l tj-o !>K .'r. L^-L-uo^j SjIj^JI i-flj-cj «caloric theory 51 n .n n II oJj^JI 

<<kLaJLo «SjIj^JI (j^fJj *<J5liJI J J^JU ^1 j cgaU-JI jJLaJI J-*lajJ j5j ,<5LLJI 
<( jAxj -jJi I rt(] int t Jjjj^J» JjS rt s *<JsLLJj ^ j ^ h o La^j^SJ <J_4aJulj ijIj^aJI ^jlj 

JU^JI jt-uiit <dj^^o ^ caloric (^jl>aJI c^LaJI) tiLjjJl^JI J^-^ f^-^ 1 ol 

<Ua tiu Lo J^ 1jj-a liA JiaJJ .J-oX- ^-11 6jlj-aJI ^ <-3LLJI dllj (j^tn ,i J^J ^ " I 

(J^a£. ^1 5jl>aJI J-a j ^ "> I olj ji o ^ " ^j <heat engines tljl^aJ ol^j -% ^ I) 

OlS j ^ a j <<jl flg II CjLSj ^ n I I j iAjjLk-jJI Ctl ^ % i» Uj t<Jijl -% i II CjISj ^h aji a ■^ t "*j 

(Thot 6jl>»J1 (jl*.jJ (j^ J"**^ - J > nlrtll 6jl>3^ Jt j > * " II J-AJlJI <J m't _ J*l^ < ^> a - ft <jJljLi (2) 

•Thot / T co ld ^ t£jLu^ f^ljjJij-ftjlJI Sjl^^aJI L> JjLAAi jjtjU 5j>aJI Ija.jJ d**LSj i^a. <T co | d j 
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ol^j^-JI <jJL*Jlj a-LoIaVI ^jic. ^jJlK j^jJI £A 1 ii II jjjI^ <1j\j& o^j^ ^ 

^c 6jKit ^1 Jj-op >»jL£ (jl^j '(^-^ £-J^°^ jAjL£ J^c- fe-^j '^j^^-" 

<JsjJl -xjLlo Lk_i^sLij L>J)1 mi! <*l 1 m ii *Jj / U t .,. 1 11 ^J m^ 'l a I f J' ftJU ml 3_*^L 

.d Jua. Jj^S uJjl-uilj 6jKit (jC jjit'll 



(^jLLj iilj^^o «LojJLo _-S t ., fl 5 't LU»1 j, j rf,^." I \\*\ o J ^ 9 K a! fl ml a fl fl I 
^Jl I 't 1 i sijj LoJj ij j ^ n 1 1 «-*j_^uj (j^>^ 4 t aLi5JI (jl .j mf * ml" II ^jjjJJ /U^Jjaj 
<GV <dj ^ o 1 1 4 j ml ,nVl <j£j-<JI jJb «Gj^Ja^t ^-i Ju^nll ^1 UjU-o 4^jV» 
J-aC >JI ^j (j-*J <^J^- /c^l l^\ft 1 n mi J^ajj iflLLJI j^^ ^^^J (S*$ jL^^II 

jjt reservoir £jj" m n II ^1 u V.K"t mm L^j <c£>aJ iP*fj-^j .(2-4 J< <tiJI) 

J) 9 K (jl Jjj .J-ftJt ^1 LflJj^J <JJ*-± ^ylll <5UaJI j-alo «LiV <?J ml inVl 5-i^j-JI 

e* e* t "- 

dlj^ ,nl 4-1 ml ■•■V' <_x£j_aJI JjLfi «{j-LA^i p' iau|j I ft t n t/Vi ^jliJriVtj «LSk-j-A^j Jjij" n fl r, 

« ^ * ■* w g 

H^-J 3*JJ .SjUJI olilll l^i £^>ki ^jJI ^j - SjjUI icjJLJI yjh c5jUj 

d W lu-u <j| jl J mi\ i j) />ftin> <jl <— »A-i S. ml mVI a m 9 II (jl J*i£* V <6dA jlalJI 

<j| jl :<JLjJaJI 6J4-» *jj "' r I * W J '.^Ijf Lo LJLtj .c*1Aj1 ^^jJI ■ U j II U-l^ * 







*> j-. 



^ ^^JJI Ij-A .2-4 jiAJi 



$+JiJ - <3J 



U^ J 



Jj_MLjJ 



r ,* * " 



•tfj 1 



•r*' 
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A. S- Gyorgy ^jjj^ _ c^>j o_>J? u J » 'i j II <-jjj-> II ct _> » j < II jJLc _>lc. 
>■•>;« <jl JLi 31 ^Aj V ^LJ_, ^Ljl j^k5 ( _pJI i^JI 6iA ,> (1986-1893) 

jJ 1 njj J\\\ J±±±^ H CaaAjJI ^^J c^UI J£ 6lj Lo <jjj j^Jt ^io £-al*JI 

^J^^-JI jjlLI <^jj^ (jJl o-^ f^jJI ^j-aU-JI 4*^-*^' '■*-* J l- 5 

6-hj <^jj-* t> <^il£ ^Iaj (J . <3> (3-4 J< ,ti II) SjjL ic>lL viable ^mUiI! 
£] ci i^i ^> jj «d-Ij-a. oj-tj Ij^j **Uj-£ jlj! Lo j-Aj.^. L^l^J < U j i ^i ILj ol ft K II 

<£.jJLJI CjOJUJ idul IjLfl .6JjL <£.^JL 6jj-LaJ *Jj^-o J^J (jl CjJ^J <<j?jl-^ ^Jj^*- 

ilLLJI ^ jj}^ j^s ^-jj Jl^f ^° *^' £-* < J rt * -II cl>^ cilj ^ a II t-iJ&^j SjjLaJI 

IjJLa. I n 'S i m n <LjljU \\\j\ t _i I mi \\ r\ <La_» £)1 £-«J «jL^JI f' Jj" mi ft II ^_fl UJ**^ n 
(c&J .tilj^-oJI ' a ^j . LApLiJ| <j| jl (<jjJ(jji-q SJjLjJI «LCjJLJI .fJjp mi n ILj LLljj^-o 
Sjl^aJI J^^i LT^ O^J a^oJI ^jjo ^kl f-^j ^1 ^^^OC lJa-oJI ^jjgJoJ fj\ n j <4j5uJSlsJI 
ol^>^aJlj < UjI jLdUi j-ijj j^yjJI £-LkljJI jIjI^Vl Cil^>^-o Ifl'tmA ^j <J-&£- ^1 

•M 

SjjLJI <£.^JLJI uiu^^Aj (..m i^ll j-o ->^JI ^ 3^^ oI^jUJI J*-%" ^^jJI <iUi!l 

J^u iiLkJI ^JljJ 3f^^ Jj^" P '>^1 U^ <IjuSju ju^t Lf J^ ^^jJI oljf^ aJlJI 6J4J 
(j-fl jj*S 4" II ^-L^lj jl^L^.1 *J^>-a-<» (jJ I tl mi^j (iLLaJ .icjJLJI Jj^.J <J-aJbl 

icjJL I ^ i .^^j exhaust valves and manifold ^ jI>*-II 9L0I n . ^.j ol;i .Vn 

<4j ml miVI <jS!j-JI ^1 dlJj (<Jjl^=JI ol^j ^ A II ^ J^^J J^ J^'j LiJ^ (5J^^ 
<j-4lll iajJjJI SjIjjaJI r-^Ia jJhj <^ miI miVI JjliJI 5' J (6JjLJI ic^JLJI ^jJbj 
pLij) lAa U 4 j^>^-* (1)' (j^ ^J J-A <{£j^ . CjLSj -% n II 6J-A <j-* (JS ^-^ ^lj^.^,^0 
6JJb ^^aj-La j^ic «L 'l t o (^^ikljJI (jl^^^' oLS^a^a {ya jlr.1 ^^Jb ^^jJI <<J^aJI 

S5j>a^aJI [^jLJI 



J^Lualal ^ S.liA.^JI ?7j"*i1l Lfai (jj^J CyClJC <alla <j!a^ J>?-J (j*S nj V :JLS t^^itt i5jj j (3) 

. JaC (^11 UK LfLjaJjj ^J j'iimo ^ iJ^ 3 ^' 
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5 iL> 




> J~ 



t^iK c£^J f>?J .3-4 JiuJ 



«J jj- 1 



UJ-* 



>L_iJ1 






<lc j+Xj* j^£- £jjj\2i\ Ij-A .dLa ** IaJj a^>Lll *J£- ^ ^^-jLjJI (J^jLLB CiljLiJt iaJt 

O} .La tl^. ,-11 6J tLo (J^jLLII <LJj o mi jJuui A iA tl 4>i nal! ^JL^jj *3^^ t-Jtllj-o 

** * ** ** * # ~ ^ 

# 1» 

<jjI>JI cKj ^.Jl <UiJ Ujjj ^^jVI ^it <ejl>^JI cili^JI <j^J iu^^LL 



jt». 



Sjl i 



jjb 



I 



SjL^-c <0-^ .4-4 j < ,fi i 
(j^LUJ Clausius c>«>jJj^ 
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Lj-J.j^ dliit inj (jK Lui LslaI J^o R.CIausius (1888-1822) ^jjjjil* 

A jl^ -% 1 1 d ^j 2^oJ) 6^jJI J^^- 4j|^o£. i.N^j j—fl 4jjLoLj ^uSiJj «Sjlj^JI ^A <LL=J-lu 

i^U 4 n n, ^u^jj^S ik^Ji aJLl .Ober die bewegende kraft der Warme 

J£ la^ o^jjjj^ o 1 ^ 'tA^J * (4) (4^l JiAJI) <!* ^j^uil j^u^. ^1 jjL 
^ ? ■? * 

^ j< a Jl 6dA LAj_i£j SjjiuJI 6J-A (ji jjia 4j[ jl *L^.jLlu 1 i^-% m 4jj£ ^ JjuJI 

.<1x»jjJI SLjaJI ^»j\ -\ " a-a £-3'j-" lt* f ? '"*',* ^ csj-^j <^»jLLLI em p i rica I 

tfill <(j£JI) Uilill <iia^ U «ULiaJI ^a JlA :SjUJI ^1 SjjUI f Lu^VI 

(ji^J ^^jJI <J 4 U J -^ n II 4 j U J ft II ^ £-xi^SjJ 4 K j A £jL*> ^jJI Sjlj^. rr iAj 
(jl i ? t^ja :J^AJ aUUI l'ulr <*L>jalJI _l£. J i*"»-**» ,-£ 4j| ,-A LiA <JLllll .^j^ ml 

Jj,*Umj .J-a-*JI ^1 j'SjJI <jJI ^-ia^ ^L^ill jLillJ Jjij-^ ^LualA ->'*>^' a>^f 

^ " ^ « ■* -* - 

^j-a (jV <4 iM i H O mi 1 1 Uti's o II 5jlj_^. 4^. j J jjl -% "" **-^J^ icJi Jj 4 ^ '"" II t^^ 
( jl w >k5J P^^I^aJI (jliiJli Ijjj-uJLI CjI n n uau «^UllU)) ±^J^ V a!*JI j^ij .(/> m^ II 

jjj ^LSJjJJ .<Liiaj j l°l P ^'3^ o^ J^ cr^- <^jI-5Jj yijlLo Jj-a^j ^-o d * ^ ■■■ 

.«^jj-uJLI» V Jali «^yJLAjJoil» (jji n i rt\ aJaJI 

IjjJh ^^j^jj^ <Ia5k.^U ^l <_J>i1 SjLt *Lojj .<jLuaVI SjL«JI >*l i m jLiAa j^j^Ji ((JjLuJI (jJ La£ (4) 

jAl ^1 jjL j> „1^ ^ <iliaJI Jii Soj^jJI 1o">^j"'i (^^j cyclic *ijflK < * U r ijj^. jj^nj V 
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<<jjjLoVI j-$-i ^i JLaJI j-a La^j .a j aUflll Amazon (jjj^ iil^Lijjj-o>Lll 

<jV «Likio ^jllil^Lo ^jjjjiiJI La^jjilj <LLiia 11 ijAj .jliiVI ^J ij^Li <j-a ty*> 
d>*-J ^ a j $ <jUJI ^1 JjLJl <j-o UjUJj Sjl^Jl ^jjj (jl (j^-aJI o-* (jl^ IjI 
^ o j 9 fSjjL <£,^JL j^jj J-aaJl cJjjx-o ^-j-«>j (jl^ Ulj fSjjL itjJL £jjj J-^aJI 

^^JLiJ-a Sjl>x (^1^^ C^ >* 0f^>"^ L)±i *p*jM db*^ -(^" 4 J^J') h'^ 

^a <5lkJI JJu jJ* ^La^VI l-j^^ jJLI <-jJ1 .^11 i^ailll CM «J^JI 1«^ cr® <£J^ 
. O^ijj) j}l^ ^J^*^ (jA^l j n \sAj *Sjlj^. ^jicVI f **i o H (_£-![ Sjl^a. (^^Vl g. * 'i a II 
UL^ O^WJJ^ *J^ uM <<ltLa. dAi^ SjLl^ Ciil^ lj| IU .^LUI t ^U±! 




L 



5jU ► | J 



^hJI Ij-a ^^ .5-4 j-i^idi 

<>J£ SjU* c^K UI «Gl (c5>UJl) 

s* 

«J; ,J^aj <4 j niNf 4-^j "w t ^j-a-jVI 

^j-fl) <_j_fiLuaJI 4 -^ j "i 'i II .«Sjlj-a. 

g^Jj'i m n.!) jjJl HjjjkLtiJI)) P- Jj)*! m c\\\ 
5jl i » 1 ^^i-SLi-o Ij-Aj f «(j -^ mVI» 
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r*^-Lu»j <J 4" inj iilj a a II ^1 ^j^a j "t fl *i 1 c^j^^JUl Id^J . 4 S UI ^ 1 «Aji Jj^aSj (j fl K 

^1 SjjjJL LiAjLLII Sjl^aJI JU ^ n m?» ijdlc .ir-jJL ^ ^LAjUJI Sjl>aJI 

<JLj^Joj (iiJ-^-J (jl (jS o-J LoJ (J^^JJJjIS SjJauJ ^ A «51 *i a lj_Aj <^j ^1 mi II * t 't a II 

ili ^J» (j-oj fSjjLJI icjJLJI ^^i Sjl^>^. (^1 Jjj ^j <J-«^c. ^1 ^j^l i n II *\\<\ II 
IjSUu ^1 ujK"n ^j^jLjlJI ^Li *^jjLVI ILa C5 -*iijLij SjL^ J£ LLa <^L£ LU 

Lliicj .Lo ,la. >_![ ^jl i/Vtfll j^ P^e-i («jLjJI lX>^-*-^ Of-O^^" A>^J ul 

* , * " " ~ 

SjLjlJI 6j_A <j-c ^LilJI t 5 i n^ 1j . ( jjjLS-LI Ijj^aJ* j$$ <Sj-aJj SjLuJ <±^\j 

4-Jj)ft mi i jl^iVI <bL^jL> Sjli^. Jjjj j±utlw LuLi <ljL>j^JJ J-"> tj~& (c-^l Sj"n i ii A II 

jjLfl <J i^flll la-A ^ Ci-ojih. Lo^j flJLLuj CjIj-o S*A£. LjjIj L^j -c^j^^' *4j^ ^H 




tjjjjill 11* ueee -6-4 jiAJi 
OLi cilLLA ^JlLUI o^^-U 

.LukJ\ <HoU. (jj^ 1 lA^ Sj^ 

^L^ i^i ^ -SjjLiJI <£jJLJI 

SjjjjuaJI Sjl^iJI dJj JHi Lukjl 

^^J* uj^J o 1 ^ 11 ce*JI c^l 
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<Jjljj-JI <\ mj'tjJl iiajJI JiUaJl lj() *n yr> ,,a| t ttj's 3 J r^iflll ^ LljIj 

^o UjjJ 4 K r n n V ,<IjIj (j^JI iiLla <jl 6J J^".' -t=>L^a^VI '^ cd^lljjj-a^lll 
jjjJI J^Ij Lj>^j ljI tjj" Tt^fll (3^-aj LaJl* <OU .J-w=iiJI Ij-A ^ <j^jL3JI Ij-A 

tliJ'% i Ij-Aj rfLulj itif. - uSJl ^j" « *C"t t (j^^j-a^^llj <Jjjl*_a (_jlUjIL» LaIJlsJ <■ uSJl <j-o 
* s *" ** ** 

^i jjJj Ucjj U-^j '-'^M 43LLJJ tjLi «LfljLojjaj ^^jJI cjLojlLJI S^j^ ^ l nl r» 

Ljj^jjVI («-Aj <ic-jlj-° *A^- j w nl A t <Lj j^ A. o 11 iSUa-ll Sj^a. (JjjLSjj . I Q "t -> II n fl 

a-stj tfji mi Lu^J «elusive «£cjlj-&» 4^ K U-a o^j ^JjI £-°j .entropy 

s* 

jl t m ml jjfc J -^all |j_A ■ * .^1 Q^ Jla.1 I lp3 Ljj^uVIj «La-Ui iJLj h?> 4j5LLJ1 
<_i «-La^uoJI I frjlS a ,—fl LiJjjjIiyi a-j^j^j (LiJjjIljyi f-"^ <JaAJ^aJI <jj* c*JI 

. 4-i.O 4-ui '**" ' " )L a AjI 

*Ljj^>Ijyi o ukii^jl LaJ£ <j] ^ 't * o j *<l5UoJI Sjj^J (jiiLii-o (_a LijjjSjyi 

^jJl * uj-a 11 Loi ** ' q fl a ** a Lljj^jljI - ^j)" im n 11 <_JLc 4 m 'S o ^—fl i. i*IS 11 u *Ti^3 

? ipj^nll ■ ."<H JI* _ chaotic <j_il^jiij «Loj^Li ^^ iLijiaj iij^^" <UaLt» 
^o iSaj U.ft^ ojj^j Ljj^iiVI aj^ 4^ 1jl5 jiJ -<fJLc- Ljjjjlj| <di - Ljlj-ii£, 
^j^ilill «GjLr. jj^laj ^L^" lt* ^856 aU R. Clausius (j^j^jj^ ^-iJ^jj J*i 
j^JI 5iLLJI J a" '*" Loilc 6d^u ^jJI Ljj^^yi ^ji ^*^JI ^u*^-* Lf-<»^5 .^Hll 



** i, * t, t " i. 
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JLJLuV/ t^-ii ^Jaj ^^1// iJjaJI <?>jJ 



«Lafii <ii^iJI Sjlj^. ia^jjj Sjl^^. J^ji* (J^- <*i ih a iSLLaj I * .^ t-^Ajj l^[ la^Aj 

absolute jiL-JI ^LJLJL ^ (jr^k-dl) ^LLdl ^ I p II ml ml «.^j ^jJI 
td:U liJ <dlkp^o ^ j .t n m sj^a. Jj^ cuti <<1a^J1 aIa iitpl>5 o^j .(scale 

^j^j «Sjlj^ Jii ^^ic SjjJ-JI <5LkJI» JjLft <Sjlj^ J^-i ^^ic I n m^> <5LkJI 

s* 

(J4SL3I *"" * ull^ II Lijj^^1Lj[ ^jl (£\ .1 jJI r m Lijji^)^^! (j-i j j i" II o^Sj lil <<jJLlu 

Jjl h "t V .6j(| 'B II <j-* uj£ J-Jj-jJS J-J-a «Sjl^-a* J S mi /c-J-C- «LiiLk *t <Aj I ft J 'l f 
Lo ^jjLlu ««ULuL^ul j—fl IjjjjjjjVI (^A Lo OJ cIH^' L5^ jl"i "ill £tifll (jl cJ^J 

jJaJ -e^jfjj^j (jaK I n (j ^^>IjbI ofiill tj^jjLSJI iL*J J-^.^ a j o £ * II ^LS lj| 
(jl J^^l^ J-^lj *— &i M) o "» "i ^jhU^LaJI jii p-'jtji jy* n n l' clh° u I cKJtfJJ^ 1 ^ r^*' 
^l» U^i Jjbc ^pJI <<>£ SjL^ ^ Vjt JiilJ . (7> tLJI ^^LZi V L^jj^V 1 
<JVdJ LfJLt j-Jui-4 Loj-Lc. dJjj *«<-5LLJI ^jAh i ojj-i IjI V} J-aaj cj^ '*^j^ a 
jjS J n^"i mi j IS^-^-o Llr.jj-^1 LliLj ^ r j \ Lljl (jo^j-fljj .Lijij^ljyl ^i ol j 1 1 " II 
: Lr L L» u^J^JJ^ J^f^" ^'^ £ - *SjjIj <£.^JL* ,^1 jtIj^j Vj SjIj^JI 



■ di iAfl^ M g^Jj" m ft II Lijj 1 ^1j| ^Lfl IjJ ijLaJI * t *i n II ^j-o Sjlj^x cJjl jlD 
Uj^ nll ^ J^G <5LLJI ^U IU *C»VVI 4 U imI^j J-or. ^1 cJ^aJl Sjl^aJI J^ 

( r UklJ J^^L^I L^li) m, i>^ ^ ^ «J»b 1 00 ^lkLu.1 lilj^ UL^» p^I^I cJi (6) 
^li^i *((>1K 293 g)) <j>J>* °20 dlk^-o Sj^^ <^jj c*il^ IjU .<^IUI ^ J^ 100 L\jl JjU^ 
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^Li IdJ .IjJ ^ilYn V Lj^jIjVU «^UJI ^gjj^jj Uij^j .j^J' f /mil LjjjI^I 
^1 Sjl^aJL jl*^ ^lll ^j <a ujjj^MU <oLuaVI SjLaJI ^ J^fl ^tU 

Cm^V.1 IjJ «Sjl^ JS^i. ^ (^ul^JI ^ *UI) JjLJI f m ? H bllJI ci^3 

d ** » -* 

^i Sj^^^o SjIjaJI ^a*jJ Cul^j <<t iri^'ift 6jl^>aJI 4^J^ CulS LaJj .1 fl ilj^jlj| 

Ljj^yi ^ (j^LLk^VI ^Li ^UjjjIiVI ^ ^iaIJI t>c (jj±±*l (e>") f'- 5 " 

Jj|>£ IjJ <(o>ill o-a ( ^lkUI f mi H) SjLaJI iikj-JI <5LLJI LJVL& J^dS *^^ 

^ SjLjjJI 6j_A ^Li <<LJLc L^-jjIj^. i^jJ oljL£ LoJ t>£J .«LLLIaJI Lojj^IjI 

<j_i_iS ^jl .^a*^ j 1 i*t (A SjUjJ P ^aj^a _J& <aJI ua.ll 4 -s uaJi »Sjj^> <ra Luj^IjVI 
' . ' "* -» ** *" 

<2>ajIj-S «Ljjj^jj^LI ij^^j^y^ (* t,\"ft" ,— fl A L o n II «Jj^JLll <La*jJJ <jl (^jj 
^-jlill ^j^jLSJI SjLuti IaJLaII t ja*iiJ*L*4-d ^jTifl lu OJJa. Lfjl Uj-AUa Jwijj «Ujjj^JI 
JjuOJ IA-Aj <£J>° J^-*i» ^^i^ j (j h J I JjJj .IUj loj I IH*S a <Lt mi" <LjjjIjyi <JVjJ 

jiiLfl ^j^ -s I a ^—A 4 " \ II ^^i 51 Hj ^jJ La-jji^JljVI 4ji LaIj ^ ^ 4^-*^' cKi^JtJ^-^ 

£)er Energie der Welt ist konstat; die Entropy der Welt strebt einem 
Maximum zu 
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.^y-ftkc <LoI ^^ijJ Lajj^VI ^t m"j ffialS aJLslII iflLta :<j1 ($] 
^j_jLJI ^jjjLLII (jX. S^o Jjl j j iH*i II (_£j-a> cl>^"^ 6.\jJ mi «Lt-^jLsL-o O Ij *% 

<jl J^aS Jq mil (3-o <jl£ jli : j ^*JI dJa oli ml ut-% g^c.j1 <jV tLjjjijyi <JVjj 

<JJ>*-II r-jjJI OjI^ Ij^A S^UJjJI jfiHI J^H-^ ^1 C5 J J^ 4jl^ &lAj <a_IL*JI 
^jjj c jiJ <4j m^r, SJLot £>£. ii^jJI ^ ^jL^" J >6"^- J 1 ^ LT^i C^ 1 ^ C£^' Ul>^-^ 
^aHU 3, * p c <LLulaJ (£j^k. I ftt>"i <,-jLlII ^jj^Lil! pLLlLujI Ja£ *^Jf f-J •C£J^-?' 
i^jJ g-LlJ SjLaJI aI m^VI *U>AJ Ji-o <jU t ih Jl <f^Lj J < II oLj-LojJL» < jM ft l"i i 
^jUJlJI JJjGJIj i(<JLAJLiia jJkL I d j mjJ jj m^nll j j I o n II e_fldaJj\ I jUj^ n §j'>^ 
Ijl Lu j /n 1 1 I *Aj1 ^j^jULII J^*" nij .((jn^wll e-flJLa.j) j-la-oJI a ^ ^ II ^i CjIjLA-11 

(j-o <jl^ |j[ Lo A^aJ jjli (j*J aL^jI jl Lo ALaJilj (Sj">j m y L 1 rt .^ J^^ij 6^ 

lj| Lo jjl c/JjJ^JJ J n 1*1 ml LaJjLdj aLL ij^JLa (jAj4"\"1 (jj_*j5JJJ Jl on" ml (j!a n n 11 
JjlU'tj <jI 7*jj'^j1VI ^1 Le£\ <lo VjJ ^L^SJI JjK"H Jl ^it" ml tjjAAJJ <jl£ 
£jla_JI 4j ,^U II (jj^ LT^' ^jJJ^H <Jjljnj^H oiltUlil iLiijJI 4<t i?ill j^k, 
<j| djti-ai i aJj t^—jLUI ^jj-aLLII <Uj[ J ir^j V f(^-^< (3"^ ^° .51 J ^ 11 I u m\ 6jLoJ 

<jl£.jJlj ^h^" 3 1 U ft II jIjIj-ujMI aj^ i^> ^jVI oaj «Ul fiil ol^-o (j?l ^i &^ 

.<jJ-0 >jUi 4 1 fll IH 

Loj (LjjjIjI <u-q ih'i ^jJI * ( --llA\ tdJj jjb Lo SIiIa <ul*_» ^jJI Lo (j^J 

SLjj^Ii^U <U!tLj j 4 II *Llo_aVI (c-4 Lo ^(^aiLllJI jjfi *J^ C LLa. dui. (_^jJI 

<Lijuus» L^i_tojj L^i jj^4"JIj l^-dj^_Lo Lr Lt <j^Ij <i(A iU.iAl Iw^oj «,_L^ 
^ s j m -% rt Lfcjl mc.Lj aJIaJI oLlij aK^L (j-auLL ^Llll o^jUJI oi ^^ 

<jXoX CajI^ Ijl Lo I t aS a_lAj ^.S <l I t mij j^^ojj '(J^JJJ^^^J ^j^'^ (JSjLlC 

i-j-nj .tt^l^'i ol^LAjI Af<AJall V a () a 1 1 J^.u ^i cdlJa a-oj .V a! «LuLLti 
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S^ISJI o^ililJ <Jj.oaJI <^>?JI 



^j-i^-j .SjLoJJ ^^jjjjsJI ^^uLiJuVI (^5-J-c- r*^* 1 , 1 ** * *** j u^ fj-*-^ (jj«iJI v^' o! 

** ^ tf <"" 

I ^rif V <g^>j i 1 o <A>* .* ajI <^>"j oLljjj^. ^j_a 4-flJJ^o a-jIj_0 (j^j-jj '(> r '"JH* 

SL^. V * Vm mi* ^ SJ-aLa LijJbUs JJJU LouUil I «Aji Jj << T i in^h j J^LJI (J-^-*^ 

J^c 1 1 ir>ii Ju>j»aj <«Lojl in" n^ *J M " A oLj-tJ)^. (j- 6 4_aJJ^a OljLc (£j^*J .<xA 
Jl " « « ^ - 

(jj3JI a H a II ^_A IjLA .*LxjIj) mi r JwLaH j-C-j* t a s 5 J > * t Olil m o <S j ^ 3 n j <{jAju 
j ia" II Jjl ■ a *^ J g iii *t I «LLo P- J j H 1 T^flJ (^«Ulj <^JLH-^' J j '"'*" **^** U ft ^J 

•s 

L. Boltzmann (1906- ^L*)!^ £*AjjJ ^jLluaIII ^L/^l ^IU"i aU 

fj J^jJj <SjLJI <a^ jUcI ^l ^(ji^JI jj .^5) Ijj m.^ <j\£ ^Ul <1844) 

6jLSLflV A () tl *J*i mi! aJX. cil m> < mi 4 "t ij't iii <jl ^jJJ <<-Jj t*2>\ * *\ (j-o ^1 t (j II 1 m 

f^^uSijiJI Cijljjl I nKfl : Lr ^uajftll (^Uij» Ljj^^VI JjI £jJLi jll .LflJ Afl "^Jj 

*> ^ -i? ^ 

^^j-o I J J.-^ 4 <rw) .i^»j^o i-ij 4 in L$J (^j-J-ll <4 jJ i^i II SjLoJLi . Lj_j jjJLjV I culjjl 

# i» rf ^ 

/^j^" a 1 ^ 'X I |j t^ «Lt^a^uaj-o CiLu^a» <J (^JJI ig^LaJI t jua LjJJJJ J- 4 ^" ^^^J)^' 

JjtJ A m ^ II <LxJ| Jj ^ "j 4£J-II «-jLflJI (J-O J-51 LlJ^^^Jjl fc T t_LuoJI A itf\ I I ^jl A-J 

t A_jLcJl J^a J-tiil _iii^L a nn ) <<j^a-J 6^jI U**i o OUu^. <J (j^Jul <jUul^ ,6jl (j iruM 

.jLiJI <lo jjLjj ^111 j^LaJI (>o (^Jcl Lujj^i jL»^ 1^1 

ilLaJI ^^i oljj^" H I "\»lj f Qj ^ ■ ,M " t II i^^J^ 'r^JD^V' Lf^ ^J J * " t^l 
<5jLJI jl-^uajl Ji5 <l()"tl mja. ^U <<? J i^ SjLa ^ hia Lajl«J Ij^Jbj .iijljJjiiJI 
< T 1I n i II Id^J <Gl ( j^il'v" mm (J-a-JJ fSjIjjaJI 4-a.jJ f LLSjl ft-o J-siil ( fl \ % \ Cj j ^.T) 
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** * l 

OlajJ^. ^Lfl <<jjIj^. ia*jJ £A>* LaJ-i£. 4jV <IajLo ^-^ m'» Lodir. «LtoiAj i-^JuJI 

•* _ ■" 

«_-luj1 <JL^-o ,-i CjLjjj^JI di j ^ 1" njLc (j^ m t La,Aa£.j .Ju£i| ^o^i 5 j ^ I () r> II j 

S^o j :<jjlj-aJI I j "^ jja. (_j.fi Jjiil ^^-iji oljjj^JLi J-a^i *-* (j-aj rC)Lcj^LuJI ^3-° 
jj-ali Lodl£.j .Ljjjajyi ^ji SjLij d)j^Ji jliJI Sjlj^. *^o^ M j ul Js>^ t£j^' 

jljjj f d j * Jj^-j} A-J o-°J ( *^ V^ LT*"^ CT^^-^' tJ* *'->^^ I ^ ~* ^~ j*-*-" 

^i «Uk. j*jnj ,,j Lo ljJ>=k. tjlj <i* J5l p\ ts>\ Lijli <lfl uilj <£.jujJ\ OLujoJ <jt 
lf Lla.1 '■■ I a -"^ «LSLLaJI jjLi-j ^j. i.^.j .juUl 4-JjLat £jja Si K» a Sj-iJLud j Q U 't rt 

<3LLJI jLiilil ^ jjI>£ <j iLjo^JI oIjj>=JJ «jjIjaJI <S>aJI ^M 'jfjj^ J^ 1 

Jj^ " «—a Luj^LjVI JjIjSj <ljLi.iCXxa.lj .hi^ a 'l LujjjjI Jj1jj3 >-* J>-&J <l ^ 1 1[ 
oljjj iijIj^aJI 4^j^aJI JjIjj *-aj tlsJul\ <j-« Jj>« ^1 SjLJ «LjjIjjJI (^^o^ill 
r-LLeJI (^J-aJI (^y-Aj <*Lj-jLS-aJI ^^uaj-fljl OjIjJ £-0 I <Aj1 jljjj LajjjjjVI .SjLJI 

.l^Sl j J jJl^J 

liiflj .(7-4 J^ mi Ih 6JjIJ>j-o LjjjjJI JjLflj <6JjIj1a ^^-aji J^^ I ^J^J 
^_flj -/«-^J^JJ (juLia Lfl_j| j-4 6jSjj < t i^j Lo (JSJ :J^ij loj aj^ Q a Ljjjjjyi (jLi 
CXiL^ lj[ Lo jj< <" II o^ j^^ 1 (^j f < ^ II l*/i<nj <<U\ j n \ II CjVUJI jJaLJLu» 
- 6„\ i^.jJI <Lfc jl ^ ft II «Uallll -j-Jui itjjji. (j^-^ <^lUj (jrtflm jl JjIjj3 LujjajVl 

^ji I4J jjlilll uaj ^1 <5jJJ ^Lj ^ Ui| <\2*> dJj^ o.iijl L^| iiiiaJI ^ 

fjj 11" l' a lit n LflJLj Ljjjlljyi (j-fl (j^JJJJJ 1 ^ (_>lj JjjjlVil <Jil ^J5 _ <*h nl \ Uj^ojlJI 

LjjjljiU ( _ f KJI jf*^l cr^f C^^' '^h*JJ^^ tr^' J^*^' cr* JJ^^H *y lr u±*^ 

Lfl-jV <<j& L" J^ujI jJLlII iiSj LjjjIjI jj[ .pJLJI <a5j ^j ^t-JI a ,m-nII ^ 

Ciii^i UI J!n^Mj *Sjl>^. Jiji l^Ic ^JLull iii-i ^ 4iLLJI cJj-fc"i Ij| jljj>3 

.LiUjI ^i liA J^ ^Uj[ u,!^ .(^a-aJI p <.i^ll ^1 Sjl>^ J^ 1 cr^ <L J- a <ilkll 
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V .l^j^^^j ^^iJI i5LkJI (j-o <3jIUI <j-a£JI Sj^a. ^ (j-iUiJVIj (jJLall SjjIj>iJI 
j^LLijI jjj^a ^ La^U^I ^i SjL^U iLjj^yj ^J^. ^j£ j-aU j^j 

Jl ^iljJI (>SJ :<Lui& L yjjl3S\ Lff\ l ^aa. J\ <curved (^Wtnll) (j^UI jl^ojJJ 

* * ~ " '" * 

Ljj^SjVLa (JjLLoJLj .<LSLLJI (jX- 4-*^ '^ Jl - fi J 4 ^ *^ CiLfl-AjJLjJI 6J-A ^j-o M£ 
£y>j <6jLJIj <3liaJI ffJJJ ^^-ua^i ^ jj^ilJI j^b <Lq£. I\jIc. L» J£ (j\ j| <4|q m 
(jLojlljj iii Oli o fl ir&U Ljj f(j^ *lfl-°JK) Lo ,-ifc «LoLj ^J^-jJ SjUj f n LaJ^-1 f-J 
ijjjJI 6J-A A-^_fl (—M J-uajjJI jj^ *La-l*JI J>^ <Laj mllfl J-^^- ** ^j" 1 * 1 4fl*i"fc ^$-11 

.(8-4 JluUI) h^j Lili c^£ (jlj cikuiiJI 





■6^1 t^! jLuiJl t> ^>»L» Ljji. C^IDI Jli-aVl «la ^i cUl*JI L^j^ 1 ! jj .7-4 Ji^SJI 

*[j^lj jda. ((jilj-i) chaos j (jli.) gas ^"nKI] W <j-ilj_i <jjLt <j^ („r^jJ' <Jj»-ll J^ij 
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j_j_2 Sj-aUS. 6j_A .8-4 J < mi H 

(£±^1 Ifcilt (jSifJ ^1 tjLa^lJ^j 

dJ^JLuu-t di t oLj-tJ^o^jJI &yjj 
«(_* — i — uo .CjL-j-jj— a-Jlj OljJ— 11 

4 i j *<r\ 11 &jjb aA5jj .Ujjjjj^I jlj^j 



.ajjJ)lJI lift L^-j (S^^i cr^' *jLh*-" *^?o J J Sjjj-aJI SjI^aJI «LIVuj Lijjjijyi 

^uUaaJI jjfc ikjI^JI jLfl»y <JI mn ujI < 7 t^1 ^Ul 4j i m" II -(^«JJJJ^ t -^,>*^ ^l 

<GI J^5 J (j < riil <j-6 (JlJ~ (j' 't^JJ •£j'*>^ {J* ^J"^ <5Ufl 1,,^*^ 4 J Ml 1 IjJ&J 

^jJ j d k" «Sjl^.^ Ji-ii ^^-Lc SjjLj-aJI 4JLLJI» <j1 ^j u n J utVI <t m mil j-a 
5jj3-JI <5UaJI ojljjl LoK «g V <o«jjjjM^ SjL£. numenator (U mm) *jj-^ 
ij-a SjLjjJI Cj>±^ j»Ji ^j (j^-^uaj-iJl ^ SjLjjJI oj-^ Sj'j-^ J^i» (j-J-C- 
j»^M-6 denuminator (^IIJI) ^j ^ n II ^j 5jlj-aJI i^jj jj-a.^ ^1 .Ljj^VI 

OjIjS ^Li <5jlj^JJ ^U* o jlj-«| JL^- (c-^ **^l ^ '^>"5j J-Aj J iAj! 4jlJ mm II l,l^J 
<La.jJ Cl »S ^J Lcl^o ^-^! UL^-* ^ «A $ ^ *i ft SjIj-aJI 4-^jJ O **l^ 1J[ Lljj^LjVI 
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Ay&A &*\j£ (4*jhU <jjl>^. <£>^. *Ui (SJ^ (S^ 'JjljJI a^ul^JI -iJLc. Sjl^^aJI 

(jM^'t t j nik>f ^J-»Lj LoIj .Ctljl t m 'l J SjLoJLj I n^jj-a LtjLiti J^-fll^jJ <<jjlj-aJI 
SjLij (JJ^J f-J U-^J <l w mm i-LaJJLJ ««LjjLflJI < M*S o 11 ,—fl CilU (e-*-^ *** mi H 

SjLulJI <j[ .<±£. jjia'll (^1111 (j^LlH ^* iuJ (^Ul La <jjj <jVI 1 M^nj 

iSJaJ-o <-£ I \A\[\ s* s h~ (2>J ^"lj jU^ ^^ ^j '""**^H iSLtJI .<L»jLx ^ *Uj'j 



aUJ ^ jj .tij ^Ulill jl*lJl i^Ji n o^ (j-fl i- .m mil <jjj <$' ** tV ^ n J 

p-Ij-uj t JlujI ^-juaji J^»J J-A jJJtUll ^JU^LJI 6L3JI2I .^jAs-lj 1 iA^ j A,\h ir^j ^jpjJl 



Iaa <<5UcJ1 Zjj*> jLlu& oL^ill ^ eioA iL <l5^£j «I^ujVI ^1 jJUJI 6UjI ol 

'i ■* ^ » j j 1 

«Ljj l^-jl .til^Ll*Jj-o>Lll ^ya ^IaJI c ]j^jLaJI ^ji Sjtloa-JI *l nih, t II SjU^^JI Sj^jJl 
IjL^J jJfel h n ^— A LlJj-A. ^j^3 ^-lll Ctl j JuLll * j r> -% ^1 4-fljJ- n J << j M *%*%*» ml 
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fJLJI Llk^l ^i Lr L^ ^.liJI i^UJI Uj^t ^Jl jJLJI i^ J, .-Wk^VI 

.SjLoJIj <3UeJJ ^j^^aAJI j\ m m W I 4-%/n dJjj <<iliJ jj^cu V ^Ul 
IjLfl 1 j ([ »1 a * L Jl!l CjLjJL-t-saJI ■_»* "■* 4_a_l^ SjiaJ aJuuI _J[ jh"» q\ (j)l\ «MA n \ 

o^J Lf^ JJ>^ i^jMJI «ui ^LVI ^ Ui <iaLk^VI jzJi jjuuij jJLsJI aL^I <jl£ 
jj-i ^j^jLjJI ^jJ f j-ftJI (jAjlj <jj>1I 6J-A cuj ^1 dij S j L \\ JLi^lj jL^lj '6^-^'j 

^ .^ljj)flj frLj^H ljJ^-a-6 Uj^jI^I ^1 4j-«=»jVI 6^11 ij-a (jJLuJuJI t « nVtll ^ 

fJLaJJ J iiTi m <% /t-* * -^ '"" ^j! 6jLoJJ «uJoLaIaJI Sj-aIjjlaJI SjUj mil (j&-*^ < ■ a j*\ S<Xo 

" «c 

Jj _ (jl n/tVl jLaJl (^^LL aJ <GLi <Lo J^> j^JJ Jljn^ «Uj^iaJ £jl_kjJI ijj "k n II ^j^\ U 
Lr A LfA^J ._..^.* i Jli\ d 1^ II itailJI <j| <TU^M A llilft ^AalVill |j_& J^J 

^j^o 4 S i mi ^Jb j 1 1 " IL-fl : Jal mi \ 11 (j-o <Jjji,VdB S^jj-^ ol?™ tjl cJ^ n J *^ j **" II (j' 

Prague pj^>j < j"l Lj n Lr a < a U mjJI ^j-aJI ^ Jj"l <j q-j Ij-a ^^ijj .^.1 
(Lajjo£.j .olioLiuJI ^j-a <cjft^ n Ufll m (jjij l^j^ mjj ^yHI (9~4 JiAlI) iiiliJI 

<^j^JI cUl^ LJ *QI j^ .^LpUjrtll Uj^n ^i Sjl^ JSJti ^k <I5Lk dt^I^VI 

•" t, « 

dJjj f^ Tt m a 11 (j^jyjul ^j-o 4J.I.SJ j 1 mi! mi i 4 U i*tj-o (JiLJL! J fl ujVI 3-a^J <^-j2wjLaJI 
a U> * a ^) i*) n| t ^ 1 (( l . ,i-vi jj «j (LfljJI Ia a fl-AAi /jl-fl f fr^ -^ * O t*^ p A ' llIi a )Lo»fla I d -v , > ^ M 
ildA-VI (jl ^j^ 1^ j '■«*' jJLfl t j <"l Lj n II J^oX, L>jlj[ LlJ-ALaJi Ijlj sLx a <j^J-Cj 
«*JijAJ ^«LiLklj ifljJLA (*lln*i jj-ijul <J>^ J)i! .^JUjln <LijIa_i ^j^Ji OJlS «LoJaLaJI 

jS ^ «... 
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iGU^I c^j.ni- .9-4 jiAJi 

6J_a -fcjj-i u-* < j^ j **! ^ j * H 

4 r. * a j ^ 1 a 'A a * < ) t-x. a \ a 4 $ . t . L t 

JUiJlVI Lj i n. J}UL j^T 
V .JL^lVI 9!-^ Ji- yJI 

"* « ^ 'i-' ^ 

<$»3 V ilj^VI aIa Ji* jV <u>AUi j-^l>£ ^la^l (j-^jiJI oM <c$b udi^* 

•J-^-l (jl^-o /c^ (c^A>^JI <J-° S~ l?'"*i £-*^ 1^-* <J"° ^JfJ .J-fl^J jl jjJ 4ijjl 
^LpjiJI ^Aja^" Jj£ p nil'ill Ljj^Ijyi JJ-*J 4 I J <^t^k ^^-Aj «iiiL^oJI 4^jTtHj 
&Aj*. J-Aj 't^^ O"^^ * J ^JJ L>* P-^j-^Llll LwjjJjVI JfAJJ «P-LiJ-ll iJ-aJI ^ 
IjJ .«LiLua ^^u-ojiJ ^LlsJ £^1 (j-* J <Ljj>>")M ^ <fjLi-o SjLj ^ <^JjJjj 
<jj^jJ 5jl*i mi II £-£j Li-Llc j'*"' (j^j-jJI ( _J IJ-^I LaUajj Lxaj^j "-^Ij l-AAi^-fi 

CjI 4 k \ o A o ls ^ \ \ W j J-j t^j ^ j 4 I j s a j .j-2^1 (jL^-A /^-i &J a 't j-iitl ^--^j-fi 

.chaos fjijljmll ?j» i^ja 

J i o 4 II ^i ^t\a .^<" .,,1 ^jj| SL^JI j^Jn"j (JJ^ ^°^J <JbM[ U-A Laj^-ojj 
jjjLSJJ 5j i m! j a << -^ j"*i < — A *Mj-o <JL^,jJI (_^jJ CjI -o I ^ ^J^J 4 < J 3 ** jl jl d 

jIaj t£jJI f<5LLJl Sj^a. j^i uJl5j1j V ^jJI Jj^jVI jl .dkfillijj^jlll ^ ^lUl 
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(jj^-i-aJI L_£}LiJI tl^lj^-La * j a -y JJJ-} ig-^l (£>& (_>--JI j-A (j^jLUI <jJ-*--*-1I-^ **-^ t 
SjLo Jj-a oL__-j CjLSj I ^ a H <■*! II n n Jf£ _jLi dia. j m l j a ^'m a\j .(j-Sj^U £JL__JI 
J_-i-.ll <JJf-a. _jl .<ji.lj.--JI t>a jJ-Jl jJJ-J uj^-" 3-^- J^-^ *-^J <jJ^-=^ ^>^ 
p j iti'i II ,—A (J-sjljj I (j <A* \ Jajl^LoJI CjIj-iaIII CjLi£.I-U <jl Jlaj <<J iJjA V jL-ui 
_£jj CjLclLL Jj^J cjI 'Lh^J I * " lf I O m hm ^JjJI SjLaJJ Jjfc-Lo 4^-J _$--£> Jj n ^ II 
aJJj ^LHI O^LlH <J <-LjlLaJj ftZjUIjj^ II dj" mi a II J_^sSU <^fIJ j-A jLa.^JI 
t_jjj___j L-lj^lj <pL-c_C «L-Jjisu LojJj (L-JSl^JtJI ^ j-a-» (jjJ aLoVI ^1 4jLA.Ja.lL 



<aHVJI ^ji SjLj i-O^-J (^jJI j^-u-aji-U JJJ^JI P J * ■ 'i H jij-o (jLi t^L\ <j---a ^jij 
<LJI _j[ .l_iL*Jj A_3j_a_ll l_LA (Jj^- 1 --"J J-^ -I *■*-** Ij-ULJ jt <lj_^ I J I ^ n (j^-* --* 
<X, J J i n A «tcLuJI <«j-JljJ <jU-uj| uO^ <<LjJ____ 4 h A J AjS I 't I 'S I J &Jj->J-aJI 4X.LLJI 
r-J-a-Aj L^_M .«LfljjiaJI jnj'ii J-aJLJ cClij f-o A() *i*\ I *Jj----JI <j-a V <^ajjj_jJI <j-a 

JS ^ s •& 

<L^.j*t j n l_ul_uC,|j ^jL___JI dj"\ a II j—ll <jjU i \% \ I Ijj .(jjjL^j dlj^-a J-o-C I iAjI 
'-\j^ oJI j^LkljJI <-i-J-\ - >JJ f MljJI ^ dj^-aJI I--A j-A La (£j\ m .L^jjlVyi ^^Ic 

Jj^jU^ <J A I A" 1 <JLl <(jjjl^__. CJj^ A (Jj| j| (^jL^J Oj-^ A J^LOJ I \ \\ A t 

ttx* <^l i5LkJI J^>=^ t*-* ^>=^JI <W- yi ^JjVI S^kiJI .(10-4 JiAJI) 

^A Q ^h 1 p Jj)" m a II Jj-o j_iLisJI f' Ll-4-o ^jJ .^jIj^JI f- Jj)" m o II I AjJ '^ A Sjl^a. 
j^yjJI (iiLLJIj .Jj-^u La-» J-St <Jjl>^ <^>^ 4*11" a* ^i\ <jIjJ ^j| j[ (Ljj^ajVI 

<5LLJ1 J^ cJi.J Ijp .SjjUI Li^JUI Jl ji^j «(t^ijiaJI c^jLLJI d^^JI ^i 

JJj Ljj^^I jLi (JjLJI ^Jj" m a II ^1 jLaJI J-JJ-JI (j-a Lbl \ ^ j ^ "t ml jHh 
Sjl^a* i^ j J (j-a (jAi^.1 itjJLJI Sjl^a. i^jj CijL^ LaJ ^j!SJ .jljjp p Jj*i m a II 

•M 
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C^JI 5SLU.II JjU .(£jl>* J>*- £1 jl) £jU_» d^ J^*J ^Lloj^l JJklJI .10-4 jiAJl 

* * * 

L*jj^!l-jyi ^Ls «jL»J( « j\ ft II Sjljja. 5-a.jJ (j-o a Afl%l SjjLJI 4-cjJLJI SjIjj^ <-^.jJ o-iL£ lj[j 
^k ljIajJI (SJ=H: ^ Ql fl t» 11 Lajj>"[ ^Ijjl^u <VLasJj ./<jjl^JI 4 /Vs n 11 <jJ>^^I 

^U IH .<£^JUI Ljjjli| ^ SjjijSJl SjLj>JI <L^ouIjj jL^aJl Ljjj1*[ ^ ^L^Slll 

■* °> "' » *» -' 

JLusjI ^^ic jUJI a i*^ft II Llla-^ Ijj La^AjLlll (j^iij ^^ic Jj .^i^ II 1 ViK nL (jt^j 

jJ fJLa. lIjLit Jiks jUJI ji t 't a H «iLL JUVil <J j-u .SjjLJI icjJLJL j^Lm» 
.SjjLJI 4-c^JLJI ^ <-^Lj II Uj^-j ^J-a-c- ^j-ll - Lf-1^ V - I <j \ a I a ni-S LU^_^ 

^JL. J frf^i^ "i LljLi t jLaJl g~AJ nll J^-o Sjlj^. JS <m (j-ic- *L5Lla 1*1^ ui I jl t* tUJljij 

SjLij ( _ f J-C' J j * /*i ^ II I *n> "i>^ o' ^^ .^JjLuJI ( _a LaS <Lijij^ljyi /^-fl (j Al q Ai 'J 

^ir-j .JjUl £jp-u^JI ^1 Sjl^JI t> Jfl jd5 J^LLL LujuH^VI ^ <lu^j^Aa 
J_jXoJI SjIj^. i^-jJ t. ^ <^*^ SjjLJI icjJLJI SjIjJU i^-J^ CjjIS IjJ (JliaJI J j i 1 n 
SjL^ (j-l^ Jj) '^>^ H l'/^nl ^4^IUnll Sjl^aJI C*La.jJ JLoAjLloL) jUJI 
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itjJLJI ^1 J^jJL kii <4o^*i m a 11 tSLLJI « fr t ^\\ {A a m.IL Ljj^i:)M ^ 
^ LJ1 a -J SjLjJ £aj (jV - viable j j j U iJ I J-jL3j . \_* a n jL-f-?. <S\ <^t _ 

.(Jj^ Ji-i (J^- iSliaJI (J^AJ rjV< Mi't Lljl *-a \jLSjJ±i)l\ 

^jSj ^^jJI f laJLfl ilLaJI dJj ^j .4j ml m! SjjLJI itjJLjJI <jt fjj\ (^JJ^lu 

«. »-• 's* -* -i 

dJj di£. «itjJLJI (^Jl tSllaJI jnlt Lfl_±i J^U^J '^^J- SjjLJI «Lt^JLJI l^-ii 

j^ <<3lUI ^lj^" uil (jl .LjjjIjiU <JLcl^VI SjIj>JI ^ J-aVl (j^*^ ^9^ '-^" 
J£ji ^^Lc Uj^ n II ^ i5LUI JJL»j .Ljjjijyi ^i (j-»£i <-1jI-5j o^L^ J^ 4 c£^ 

(j-aij ±^J2 tLa.j^o-11 6J-A L5 -fli IjJ <jjji" oJ J U ^ cr^- ^JJ^V *4-H^ J"*^ 

J^jG V ^1 il^^Jlj,) &LLL dj^JI J-ojo ^i .L^j^V 1 cr 5 (jr 11 ^! 

6jL»j VLcoJ s^jj <Ji <j-o -r** *" II L* (jLs-o /e-^ I-Ljjijlijyi (jAau r^ij[ (jjgjjtj i Ai II 
^j <<jjL$JI ?M<nll^ ^-flji^Ti L$Jl :5jjLJI ic^JUI jjj jj* I1a .LjjjIj)?! <^i 

ciLlZLl *Ltj^ ««uUj» j>^j ^j- jj V :lo nnftt i=^J^ <dii *_-aj .iSLLJI j-o > A j g U 

ii^LiJI ^ j-A JjLJI g. t "mil .jJjJalil Mjli o^J (jl d j ^ rt 1 1 Jjl^ Ijl fijUlll 
[ajjJjj^I j^l £ J LjJ **J^J L^^t *^ **4j^ ^l <dj^h a II jgijJaJ <jJjl5 * nr> 

t J J .j 

IjJbj _ Jac ^Ic Jj i^i^ II «g! ^_i ^ I ^ T» <lLl5^. ^jLLJI dj^^-JI (Ji-oj 

icjJLJI ^j-a^hJLl 6jlj^JI 4j A.l \ JJlju ^jl i-i ^ j jl :l*ij mi J-«JLJ V f jlIaJI Jj-a <iLU 

' s 

<J <«U hhjj Ij-laAj J ^ j <^LL» Jl^j I a i i-vj . J-aJLi dj^ aJI J* 7- 4-JLi (dj^ * H 

^ .uio jjjU"ll X» 15 ii>^Ji Ja^iJ Ih.>?^ t> 1» ^ ^1 ^LU' ul u^J ^ lij^; d^i (8) 
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j-o I4J] eia^ (JJ^J <jJL«JI ^ <£>^ LT^' CiljJAjJI (J^V LT^i J ^ m I 
.^^jLLJI IJLjlJI VjI ialU .j^kl ^jl^o ^ji ^a^JL la^-o LApIIj <jU «SpUj Lfl-\>£ 
£-i^>jJ UlJjj <&jLa*al <— t ^ J J-a£. ,_][ gl**^ i <jla^. pLaaS f^-jl iVi| Jal ini fe) £j| 
olSj-a-a JLojLLujI ^a aj V (J.fti II laJ& ,\ iflaaJj .1 ^ * (Alj^> _i ^gjj oJI p! A^j-a 
dlj^-oJI <jJ^J L*^J <(pli«JLj JJi^J /A" a! mi^^U «LiLukaJI Cil^j-a-oJI Ifl'in iA tjja\ 

tjl& Ij£aj .<jjljJI ^ <3LLJI aja-u jjjla (j£- Ljj^I oJjj u^j <J)jjU"II }LLS 

-.*' - * 1 - 

pLDJ jl — , * ^ OLL=JI Ja-u Ca^ <<jjLj4^ ifciljjl Oal£ 131 ^pla. ^jauo Ij-A 

^ Uaj (aJLsJI jji <LjlL*^JI ^ xi II £»ft> ^j| .«LfciljJI ^o ?ni n ifiLuj-o ^^lr. aJl* 

,<5Ua JjJu (jJJ-* J?* 1 " jjl l$J ^jSLi aJ < 4 <> J ^ j^^- 6 (Jl *J- i-a J **tajk-i-oJI aIj_aVI 

(iiLLJI aaaja Lfa (Jj^i LT*^ iSjjUI ^^ ^-J-cxSl iiLm-o <^o jJil!l <j^AJ 
J-aa-AjI Sjlj^a. 4-a.jJ £a\>l J nt" m" ^^aJI <-pLxA-^Jl O^-cUaJI i-ujl jaa tiUjj 
taj-o <jl A^-^J al <4 Mi3l*ArtJI 6J-A ^ (^.\jU" ^jLaj dj^-a ^ic J^j'-^ .J^-L"*^ 
(Cj\ \\f\*\\ £jC £t t .\~*~\\ Loaifc ^jLaaJI cJj^-aJI laa-o <j*iia jjfe ^JLklj ,jl^)2aJ dj^« 
.Cj^L-L^iUL A^ftln'J C n .m! <jt JljjI V j <<Saij a^. iijUj iii^^i^ J^^i-t-o-o j$J& 
jLlJla pLaJI Jj 1 a oia «Lti ^g j a * ((^a-jLk jl^j-a.! dlj^h n ^_A (_^jl ^ j II dlj ^ a II 
.ila^-VI J tnluM iaaLU llA J^-luVI (>o o^f laJ <(jii^rtll ^jU. 

<axiAjl Sj-JuC O mi II (jL^J^J Ciljj 4 1 ml u.i (JjLoj ( Jali ( jf^JJ l ^J(| "J UUHJ^' Ch° 
fJjjjJI Jj5jj (JjaUI) Jjl^l Cu^J ^^Jj^aJI P^>?JI >A liA .11 "4 JUJI ^ 

(f «? S? 1> 

^aJI <*j*k I II ^J 6Jjj^.j-aJI aj "v iti II Cilaaj-^j I lAjI I lj tj I Ini Mjl icuMj-o <a[ 

( ^JoLl^lj <JjL^ ^M° f^ '^"M <A J^*J <?jl irt^ II uiLJVt 3^>* cr^ a£ '- LU ^ 

IjlA ui^j <jtj .JjfaJI JJ^jj Ujjj LLLujI IaJJj-o <Jal^»JI al^aU laKl o[ .JjSjU 
.Lo i& ^l iiailj SjSLiJI J^J <ifljL-a-a ^^iuJ jJL*J\ ^j^taJI ^ jj$I ^A* t II ^aJ 

JaJ J^o Js n 1 II ^i 6JjA.j-oJI <*lHS (Ouj^JI A-a.la> <Jjjj!liJI { jj\'sj Loaa£. 
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CjIjJ Jn^'tj «(jjJj^JI Jla-lu3 ^L^» CjIIjj^. jL*J (£j^-*j *l(pr (jij^ mSVI CjIjJ 
JajIjjJI <j^f SjIj-aJI (j-o J^^ j^-2 n j *> j j .pLoJI ejLjjj-a> ^>£. I Jj i \ (jjajjJjj '■ 

SjjJ^ Jcul jj_» <Lxa-Jsl\ <ajJJJ1 JajIjjJI (jfi. ^^aU" mm Lojifc JJ^ <^LlaJI <jLfi I^J 
jj " a j IjLaJ jjiJ .LliLla <Loe-}La jjj£t CjLajlJjj ^-fi CjIj UI j * " mi"j <<■£>* 

s? •* 

,-i a-J (j-aj (,— t-ij^JI ^yi 4 n^ iA SjLjj *xljJ lilU (j! J-A <_m m II S^j^^Sj^jJj^ II 

«LSLL jj>aJj Laj^I .Ljjjljyi ^i SjLjJI *i$J ^jlj '"/»j ^Lot^-njl <Lo!l .Ljjjljyi 

J-lujLuj O f\ljLo 6jLa-ll ■"'" ulJ j-A jJLzlj .<jljjjjJlj| «_Sj3j h>*\ n II ,—fl JJ>"i" 

Jl £ J' * . ^ * ~ * . 

CjLjjj^ J^-jI» Lf lt JjIjj-a-VI f-Sj-° l>* j mi" T* 6jj fl 't n II oljjJlj <dliflj oljiJI 

.^IjJI (j^jUJI ig j"^ o I 6j^j-o f-^JJ jljl^fl (jl «Sj jw ua <Jjl^ 

6JLA ^jl -'_*j ULi Sjj-<Aa> ft J|ljjL2*.VI yj-fl 5 jj ^ o II 4jftLLJI <j| LLSj-a (jAj*i fl'tl 
pL&JL» j t Ot a (jl j i ^ ^^ *t I ' *">" a «J^S^JI Jl>^ 'fl '^ C£j^-* (c-^1 ^ ^1 "i 11 4jJsq-aJI 
fiJLc SjIj^j cjSIj3 <_i(j III ^ Cjljiil <i-jJJtJI CjLojLuaaJI ^jl .<<*ij^ m" J^j 4£JJI 
^jl LIjIjj j t ih liU .jLuaAa^Lo 6jlj^fc-i pLall 4 <jji», .lA" CjLoJI ir/ill J^j^* (J- 1 ^ te& 

u^>^ uM f^ a- J < J J^ f "O Lr'i SjIj^JI Jjiaj j-^* ^'j>^ fJL»JI LiJjjIJ| 

.LajjjjjVI JjjJ 4jjlit <jJ-out j-A f-UI ^ USIjla.1 dja-a ^ <5LLJ1 
<La*jJj yr 4 ir>"tl £-£jJJ iJ-5 nJ-LaJI ^-^-^ (j^° '^Jj'j-^- ^"J^J <(jVI jL^ ^LoJI 

^JjLj a UV\ ^l J t f\\ *pLoJI Sjlj^. i^j^ pLijjl «.j* ( jiJ .j-inft\ < T t o I II Sjlj.^. 

<jlLo£. yri i^i j ^Lk-jJI (jJ^J (jt J-A \jlAa v-)l^aJI SjJj JjLflJ IjLoJ <<£jJ .iLJI Lfii 
.pLaJI «^jLlA. <LSj)) ^yAj <4 nl f\ i^ii Sjlj^JI ia>jJ ^^L JL*. iulit 

.Lajjjj-aVI ^ji i^J^Ji ^yjJI oljliuJI (j^^i l^jl^ (pLoJI (j^^ V.* H< (M-^ 

^ t - . -** - - i. 

fVjl .j fllTiai. rt 4 j ftl \*4j^j3 jiaj **^-^.J rc-*J <(j' n» II <i_ijia A /\ m t fl m"S\ m I \ A j 

^1 pLoJI J j ^ "j (J^a- LajJlP^?' JJ*^ tf-^ ^j > iAjI i'tfl Jj t ftl j ml <aj ^jl JaA.}Lj 
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r w mM 

u -7 







i 

^ j in , ! ,,! (>> ^-ftJj-o <^1 .<jJcVI ^ Sjj^-oJI <-a-uijJI jl^aJlj J^5^JI ^i SJj^jaJI jJjjj^jjJ^I 

SjjJLuaJI tliljilh (joA.jjJjdA 5jj 34 L$_j J <*■>" j ^jlJI ((jjJJI <3LatiJI olj^JI) (Jjjj£ Sjj SJ^uiC C*-u> 

(jj^lL t>jUI <-^L>^?- >^c- ^^^h*. JM^k i a'iK j t£>4f ^^ *c£J^' cr* ->^* *(u>^' <-j-a.L£JI 
(j;^ ^^j <(j^jjill c*ljj ^-*-^j 'cjj? Hi^Vf c»Ljj>?> <a^L^j '^tfj^J' tjj j^^p^j u^-j 'U J^L 'J 

t-fl iAT .<U* tiaj-aJI ^^j-ojiJI ^ *j£i& * J ^fj ^^Ji .(^j-oj-II (^j) frLaJI £>-o ^ uaAJ-o Lfbjja> 71 Ji-i 
Ll»Ij>I1 <> tfjl] icJjJUI (jJJ -^IjJ OJ^» J^ JK?"» ft ^ jioLLJI (jJI jik3 AjIjjJI 5! dJj ^Jl 

.Ljjjljyi ^ |jf^> £ J ^3? ij'j^y (3*'jt? u' ^ ">/*' ■ ** ^ uJ^J . <jLo VI jIj-oJI ^jpj 



*» s* 

1 d *^ r <— iUjJI <_*^ > <Lxjo 1^ ...1 /%" y% pLJI J*^" lt"' <*LaJi ou-aj^ o^i c>L> Jl ^ ~ 11 

-i, ** # 

iSLLII J^ix£ <jl u*aj <*LJI j A. m j La^ilaufl IH ,?U"t nin ljLjj^ Ij IjU. ^k*"il 

O V <Luo~JI LijJ>^i u^i^J iiLkil J-aJjJI ^^ jijlJI lijfc ^jl .JjLJI ^1 

ioli <dJj *_^.j <(<-iJli <lil4Ji ijj^-JI) ^a^ ^i5Lki! JijJI Ij-a ?>j""* <Jae^-JI 

( S u Al a ^ \1 ^^ <LJLoua.VI <f ^ j "i 't II j <6j-a^xj (^oJ P-LoJI Liaj^Iil ^^i * J LfJ 
<jl J^ .L.tUI" j-% m II cjJ^J V << tAi^LaJI 5jl>aJI dLa.jJ ^jJli <lil .Ljj^liyi 



g-f < ^j 4%-^Js-H-H (j-* 



jlj ^ Wl /Ai < U t ^ n II S )l 



AJ^J^- ^J^ t^J-* 



i^JLa^VI ^f*jJI y "*\J '^^ J^ J^"^ *j'>^ *^?0 J LT^J «(^Jj-aJI f jLtuJI) 

fj^ n II ^| itjlit <tj^ pUJ (jl^ LJj .IfjU^I <?Uj^ ftll iiklJlj pUI LijjjIjI 

^>j" \ (jl (5JJ (>aJ .Lijl LaL^J ^^1 iLi^JbJI ^i n mi II jj+i LLAj -^^1»^ <jLi 
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.<Gjl>^ <a.jJ J-flj ^U.mIjj Uj-h Jl jtjl^JI jSVI ijukfc \\Ac 



- ** ** 

Jjj-aJij <dlj ^ n II ^j-la tj-C <LSUaJI (jidJ t^-* : **-vL> *J^ ^jVI J-^.Ttj JjjjLSJI 

^ «LaJI^J 4 mflUnll AiA CaJjL^. ^jjJI <ia£ill jLfl <dl3 a-oj .LfjjLtV 6jjj-»-c* 

J^l li^ ^UVI ^1 gJai fJLjJI .jliiJI ^Jl iJSLLJIj SjLJJ &*jjU11 Je-JL 



SJ£L ^ Luk ^^ IjLJ :JI>JI t> *J>?J 'fr^W 's** ^jW^V 1 ^ ol 

*0 S0 J •#< J ^ *f 

^> Lil£ Ijji jJ^j <dJ«i JjLi3 Loj-l^j ,lTt m t ^ jl mi"ljVL ^1 i^I m^l J I -% T> 

5jLc| {y> ait! <j1ox. J^VI .L* j^ ^1 <lj^J*j& jiSl LlLaJI y .^>jl j^-^^iJI 

Jnij.iiij ^^^5 <i5LLIL IojLSjmo jjjj ^jJI j>SjH UMA ^<jV «jji^JL jlj^aVI 

^U U II ^l^ LJ <QI oaj .jjuJIj a-j-o^iJJ Lii^ ^l \q\^.\\ ( J]JI SjLoJI ^ lj-»i^ 

i» ^ 

^Aj t Ti, IA, U ^jIAjJI dlj^i oli jL^JI f' Jj)"i mrtll ^j^ irnl Jk^Sj j^_fl <<£l!sJU ljJ_Ma-a 
^1 LfLj^jj iiLldJI <5LkJI (jAxj JaOJj J «A^t ^LoVI jaJ LlJljtil J-AJJJ l^*^^ 

_ (^jj,^^! AjJb^A. ^JiVI ^jlt. cj _ LLLb j^^.^aII fc J ^ i II «*J^-JI ^ 

^1 ^JL u ri<'n»j .tbUuJI JliiVI (> UVT iiJuj .LiLMA J^ ^Jfi. £5^ 
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^ ZJ&j ^.ki ^1 cAi£aJ tfjaj .^^JjjJI c^jlAJI d>*^JI cjIjU^I j^I 
.ATP) adenosine triphosphate ol S ,„«H ^^LS <>j>>1jjVI ^ 4j U Ji 

£j^At pJjw ^ 4 J I ^ H AJ-A <jj^* ( J^ '"II Ij-A (j* (£J* La^J .(12-4 J *S m II 
CjIjJj 4 lol ^ n <L>jj)ft m J CjIjJ) 4 mI fl mflll j-a>ll (^-* ^H """^ LrO U"*^ «KAa* (J-J-Sj 
C-^J^JI Ij^A 4 J imj .Cil 4 lu-LII (j-* j J '^i^ II JjJ-H J-A I \ n (j j Laj (^j, 4 ?^ " 
u.i I U ^j-ic f-Llj J-aaJI ^1 J 1 Llj La. \\ t 4 .^jLs^j d| \j a n I jL^JI f' Jjp m n II 
<6jJjLVI <jjji-LuiJI Aj-ojJI 0-tAJ fj^A t?jU II ^ Sjj^j-oJI f>jLaiJI\ oLaa^yi 

.adenosine diphosphorate (AD P) oLLuiiil ^Uj u^j^jI 4>/nll ^i ^.*v;l 

Jla *<aiiJ| Jjn uo iSLLlL SpLjJI ti.ljA.VI jIjJ ^ Sj^aJI <JaUaJl J n»" m"j 

aLoVI j^"* (JcUlJI p Lijjl ^jl .SjLil Jiil <jl±m&£. i*!^ jIjt.1 jl < c jjjj w >JI <jpj£* 

SjLjLj A>^ J-5 Ijjfcj tiiLLJIj (c»l $ nii II 6j-oj 3^1-lal) SjLaJI Jixj <j-A £^-f 

.£jLkJ1 d>*-JL j^JI *u^JI Iaa (^Jl J^-uajU 

y P y P 



SUn.Ji dJ3j c(jLu^JI ^ ,ATP) cMmiW ^515 u^j^bjl sLc^Jl cl^>J1 ul 12 " 4 J*^ 
S^j lajj SjUI JjjI. Cyc <ADP <>> ATP pUj SjLc)Jj .1'tUlj ^i jj^^JI <J>klJI <£jU^J1 

<it ^1 .(Ljj^Hyi J-o j£] \jj2 jjjj <j? ^'k ftj) (^^51 J>a-<u J^a-aJI <a.j1^a l'ijlr <CjI fl mflll 

.(<jjjjJI LfTtijjJa^) (jiio nill juSjj (jl v? j <4JjLlu 4^3J1 aUlLJI r^Vj .aUUI Jjlli IjjJc < t >-%j 

^ ^ J « 

_ 4 i w fl uli Sj-gj -*a-*J> JL*-i ^jl i.i^ t <5lj^ II i^aJa^ 4 <Liii»Jl Jj-oljji /c^J 

jLaJl (j$^Jj .ATP ^IIjV ADP -j - Sj-oJ>JI ^^uij o^J (jl (^jjj-uaJI ^x ^jajJ 
<£jLLj '*1j^ au <JauJ>ll SjLt| ^ ^>jJj ^jJI j£.UlJI ia^jlj^o <L-ujI^j pLJI SjLfcJ 
( 2>aJ» .<jJLaufl ja£f iLj^^)^ iSUaJlj SjLaJI JdoJ >Ll ^^lil^ul J^Uj jJb «<5^ 
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( j^j ti»A^j (_^iU) (^ j\ -** \ II d j ^ a 1 1 J>2j aULa ajjlI SjLo Lj-aLuiA.1 < _i J ^a\ 
.1'ulUI ulu j I-j^aj ^-i<ij & jj^ f's^t? c£^ AD P ^ ATP 

«J-uojJ <Jj£i (^lll CjiLclijJI <L^jlj-oj J*S itij <j| V>J* <UuiAJ aL*UI Lot 

cjMcUjJI A_fljj I o Uj^ n ^ Laj_Ju1jj UjaaI ^1 <3LLJI <jV ^nn mil ^ c^jL^j 

■K 

^j^J j-jbj <photosynthesis ^j-^JI (^1 j U ,^VI) J_cLaJjl jJjJ iS 2l 

Lajj^ .^jnft mJI j-i Lsl-o (JJ^ aI ^lll jl^ Sjj^ n II SiUaJlj «AjL^jJI ^ <4x.^ij_o 
* S» 

*J a (j '^ I fSlj^ U «La^jLo I ^ h is>j-> jj'if* mi 1 1 a^ injji*t ^ jja. cj-^ f-Lo^UI <jt£ 

<SL^JJ ^jJJ^-aJI ^jjuLujVI ^^ic frj i A II Uji m* ^i al't'CI m (£dl\ U <\ \ II <jl 

LfjJ J^a^J *Lf-Lo-C SLjaJI .^LUI ^j^pliJI <j-c Li-ajl 3 ^ ^ ** J '^ J «^Jll ^ dJjj 

SL=J1 jai.iuj .iSLLJIj olli>^ 5^1^' j** 'cAU m i "i 11 jrtUVI SaLcV £jj>?J 

<(jj» * *LaJ!>l jLajlC.1 <jjj 4_lC.1jV g-lj n r <JLjJkj Jl j ^ " ILj L$J rr n m m CjLj^j-^JJ 

^1 <Slj^ 11 .SL^JI l j j a i £H _jJI cjIUI ni'ill ( j^° .y k* 11 wjk m*! II Ij-A p-LlJ dUjj 

.^iaXa (^JJ^ (J>=^ ^ <J-uaVI 



jj-oVI o-il^ LU *dJdi^ .(^-U heat death ^jl>=JI oj-JI ^ «.o <oj!JhJI 
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IjLi :lfl %l iojI yaj <UaAj «Laj .<GjJI P^^-i uJl^j {jis «p^uJI SjjJ ^J Jjloj 



<jL>^f (J-J U^ - <J^* \* '(j (Alt Aji «*Vt 11 oljjJI J-Maljj-Jju - £jlj^^M j auiiJiii 
/d t a * a*v *] «LjjJgLJ CulSi PIJ-juj (<_»jL^-iJI "''^j^ A 11 A- u^. ^j\ .cJ^-j^ jii" 4-cu» 

" -* * „, * 

^jjOlljU a^_J Ijj .j» i^>1 yr i f^,t «i 6jLjlj «LillaJl pL^oi ^jV «(jn^lVM h t LkJJjJuVI 
(jjl di hiu ,-jJI dlJjJ < m^U f) d£.\jl aLiVI lilt J J n<" m J tjii^tl" < n iliA^Vl ^jt-J 

^l]| SOjLuJI AjiflJI J^ Ljj£.J fVjl .«LxjjL-aJI * J ioIjaJI j^>i jVl JjL^jJ 

<3_<ii /Ia<*j .Big Crunch » *k* M 3!^ hmVI ^ <JL^ ^1 j^Unj «Luiij pUJli 

<JLH-lu-o (jfjj jJIaJJ ^Ljjj^-ft^lll J ^" rnnlL 4 ql>" n 11 <Jj-ujV1 (jf^ <LjIjJ1 di 
^aJI Lo f^Lxi jl^ Vi i» IJLjlJI Ha ^jlj ^aJUiJJ xoVI Jjj-tJl J.* 'S" mnlL 3-1* y 

^Lc Jj) R. Penrose jjj^ >^ju 'JL^J' p-^j^ 'lt*^^' lt^^ 1 ^' ol 

^ ^-jjLaJ* f^U-^l Jj^J Jl n "i^ l (5^-Jjlj *fJL»JI jLa^-il ^ j^-*-» >^ (1931 

^1 ^IjIjVI jh^lll singularity j^iij JlL <Gl .<ukm ^1 pU^SU ^g>n j^ 
,<pl^ill jh^HI j^i3 ^^o^e <J JL<^I j/^j <^J 'Big Bang pjhtll jL^iiVI 
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<-iJLi ^jLfl f 4 ul j u ml 4-^jJ-j 4 r^i vu Luj^UjI I ftfl 1 jLwa ^j (J- 6 ^ < S J j 'a j 4 Ua.*i 
J-i! UJ^JI (j-* (^-^*J^I Cj^j ini <~>J^ % * JojLjuJI (J-a j_A <Ui ^jLlkij ^jJI l(pK<\j 
<j-a LAjJ^J J^ualj" mi Ljjjjjyi <jLfl IjJ -^jVI <iLL 4h^ I ^ <ul£. CajI^ La_a 

g^ J3 ^ jjui <JiV1 ^ «jl) <J+aui dil* jl c ^ «LJ+tiU! ^1 c$\ 

IjjJ-j p Uj"^ Lf^l U-^J-^i EjJ^J^ J_Lt LjIj-j fCilj 'i m II J^-o t 2h^f^^-J' Cil j <<< f 

.singularity 

4_*_lu^j jJk <jJ-^JI J i 'S", m ft I Jl n'i^l J-aS ^jLi ( JLaJI 4 j I f <jl£ I n (j n j 
j^S JLa*-o La j J 4_o_» tj-jjl \t.i,i.tll ljJ& /^J .JjJ^a. jLj 4 nil jj a a hl t " j Jjr>j_ajl 
f f I t miI ^l 4jj"h"n J^ o r«Vt j! SjLaU jji jJ j^Ia-J -l^»*-^ ^ SjLaJlj «Laiki! 
fdlJj *-aj .4.U mu (_£jJI r> 'v a> II J->r>3 £-a Ll^jjJj J-j1j*m mi g' 1 t miVI Lajjjjj| ^jLi 

jj ^"ij <jlj f^Lx_*il tJ J[ Jj^"r> ^t SjLJI J£J jjJ lj| Ol iiJLiJLaJI 4 K mi n IU 

^ s s 

J^*i mi riil ,_£ ,, ftnj ^J 4j| £.\j~% i *4jfl"n o j^ <Lxa>j-aJ1 «Ul^oJal rcj nVij <f uuiiyi 
jj La£ /JjVI 4j-AjJI ,-fl J^^ ^M fiSlia ^jjJ Cij a la mim rt <jliaj (£J-"J ■ 1 J * j II 
Jj)Ull 4-jja>jJj) a mo> II (jjj-LjLiuaJLi pL/>j_fijl (j) Jaj . I j fl i rt ^j^ mi JxJ^' ~sX>^1 O' 
.—fl j > m m J^^^j H"* A ^' '^'^ a J ^J r4_i_fi lSj)N..*ti..a LcjnZijui dJlj La {j-ajJlj 

. f* J)" ^ a Jlj-Lu IjLA^ JJa. SjJjS 4 i K II Lujj!1jVI <jl ^j-a ^j^jH 











jU ,..'»! ^1 ue^io L»S ^J ^ .13-4 jiiiJl 

jj-a ^-Sj- 1 ^ VI I 't j I » 5 <Big Crunch ^ t h r 

^jLaj a L^ xul j^^-j j^j^j 1 *> tS a\ j .(j^JJftjJLj 
singularity j,3-ij-ll o^ l> ' * ft i ''-e-ej-H^V lH 
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lj[ ot (9) T. Jacobson ^j >.^<L^ o^ <^1j <1995 ^U ^j .L^j^VI <jlL 

(^ j t t Jn\ ^ a II ft U m I I i^ljjjua Ij-Aj iUjj-L ^jlli ml M a 4 ~J hi a 11 j LljjjJIjVI 

^jjc L4J LjI t \~ ^^plJI *LL»jUI (j^-ilj 6 j mm"» ^l^-o^JJ 4jl^ a H <jjjJI (jLi <(j^u! 

>_jLJI ^j^jLSJI {JlI f^jjkl SjLjjujj .«Louul 4j,i hmII j—fl U^'" 1 <m\J oVjL*-& Jjj^» 

!<LoLjl!I A\i 1 n't II ^ji (j-jl* iti\jl CjVjIjus J^^J ^--ualJL 

* * S "* 

^ 4>=^J-a <jj <iaii llLLlj lj^j-o ^jLLjJI dJ^a-JI ^j^J fJ L&Jji «Ij^Aj 

•uli. J* 



^ ft mi a II (^jjuII Je-Wb http://xxx.lanl-gov ^j-JI ^e^ 6* £'*yll Ij-* cr^ ^j^-J' t>^e (9) 

.subdirectory gr.qc. 



facebook. com/ketabme 



5 Jua&JI 







U j 's n II pj mi\ d a »*» * C£j"^* l£^' j J t 'i 1 1 <U^.jLaJI j-&\ lr> n II LjljIjj J) i m 4 A I 

^ jIajJI li^J 5li^UI cAlftlj «^jSU biosphere <£j^J (ci^UJI) 

^Sfl J^4<"tMi <entropy (^J^l jj/^511) Ljj^VI iiL iL^l jli^ IjLJ 

Pj^^ii J^ I g La tj/^JLi ^yjJI SjLJI j^J^U ^ A-Laull 4 J m flj ^jJI jJUl J-A La 



(j-fl jJjf V O^J - (jj/ij '" 4^JJI Jlj-ioJI ^Jln\ lu <J i^all Ij-A p j^co^-o (e-*J «LaJbVjl 
<JjM*t n II SjJ-ll A J) (j S n PjpujLJ r* j 1 n t ^jJIjj 'A"*" '" l£JP '" n <j-a *^' " j ^a** Ci5^JI 
oljjJI dlil!Lol ur ^ <1\ \ j 11 II (_£jA-ujj .frljflj^ll djf. LflJjljjj ,-jJI a 1 lAlj^aJI ua&, ,—fl 

V .chemical proporties &La»< otL^U. L /n „n <jJii^> d * <^ m. iAJi^JI 



1*1 III 1 



* * 



(j-a f^>ll ^j^J <Ajj nVTi ^jJI C*ljjJI >JLfc fjSJJ \\ iii^ <^J^ (^3JI jlj-aJI *Jlc 
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Lao^c ^^j^. Ijlflf j^° 4j[ fi < Jl ft-> llj 5^-jjJI (j-fl *LjLc f j^-oj- 6 W^P ««Uuj^aJI 

^i Lol .p- jj-oj-oJI liA j^ faoj I i j ft r Ijj* i* <4 mAj CjlSjJI < -i <aijjj <jJji /c^j 
^jj (3a£.I ^ (j^AaJ oIjULj JjLbuLaJl La La mJI jj-ftVI djil-uji ^^^JLjLH J tr\*\\ 
dJjj <tL*> SjLJI <j!*J La A-p 6 W^> ^ 'H dj-^Tt mj .6jLd <\ a ,f,a\ U A-tftlLa 

> ** *'' ' ' s s * 

0j£i I ftjfl ^j^* ***,>* j^-s ^2j .^jUjjJI pLoo5 Lusij (_j-Lc- J 'V»"* I-ajj <— *j-L-uIj 
<L| \n 5jl^.Ij ^j! ^j^-* *' ()3*J * * 3 ** j-fc J **** A , ^? k olj n\>i lj-ojjfij <6jLoJl <jd&- 

<LoLdj I \ UI -% >fl"l -J^jJSl jnn J O^J '^"* .<A-JLa— «-^ (Ji^^j O' J ft » ^ J <J-5VI ^jl 

Selili ^J j ; ii j 0?^-" '(l-^fj- 5 ^ -f* -3 5 ^0) Thales of Miletus J^L^U-o 
Jji <J>iS <JL^JI ^Lcl ^ <j>^j tjla-t^l ^^lc ^>!lc Lojot <<i mli.ll Ll j m* itill 
jajj .pUI ^ uj^° aJIaJI IIa ^i f(_^ l£ di <%&*§ j-%j"*>H ^1 <J^1aj «Glij 
J£ pLJI ^ iVU^jfe : olA" lt* ^j "'**» Sjiill aIa ojjj <ij-ou. cJJL dli 

a^J ( J[ J^-40jil a^jjj mi.o IjAflj ^jojLjjjJI (jl Jjj <aIj^I 6J-A ^-fl (jpJ-a- <JtlLo 

.3 475-540) Heraclitus of Ephesus J« mjjl t> a JLJil^j& j^L jl5j li* 

J jfvJJ J-oLt J>^J (^jj^-ufiJI (^-ft J)1 (jJI lj-AJ j[ * a u-JLIa S^-fl (La-a^IS ,jk 

.jlj n 1 1 4 j J ,nVI ^-uaLLaJl Lcj n ? ft ^1 jlljl uiLi^lj <agent of change 
(LjjjLS .^ .j 432-492) ^ilijl Empedocles ^u^jja^l tf tjJ U o^>^j 
jj V aj u-^j < mJ jLaJIj ^'^H-l'j p-LoJI o- 4 j >l '^'1 jIj^oJI o3^ *7 t1> '°-^ lh* u' 

JjS fi^V P,j-^ J^ (jL* 'O-*' I-AJJ(J <£-^jJSlj <C-»l^lJI Uj 1 ^h II IjJb ( ^j[ <.ftl lOJ (jl jj- 6 

.30 ^1 ^L^iVI Sj^ui (1) 
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jls 




pI^A 


«_ftULa. 








**A> 


1 - 




J 


t-Jl^ 


y 









uVI ILi.ll 



*Lo 



t^jijj 



Q 




j^l <JlJjVI ^sUjlJI ^,-uijVI U U -s n II (^j^j • > *dLiJLil lo-a. ^LajJJ J,^JJ J (jVjla. .1 -5 JiAJl 
j-^allsJI <JJj La^ijj .JjJI Cilj i^UJI LuojI ^jfJJJ ^<jIJjjJI P-LaJJ (JjljJ jlj-aJI JS ^^iLujl L$jj ^j^jlii 
<jjLLJI j' ...Uli aoJIju ^yit lj**;» LgJ LA^a Ijj i«Vi A.^ijj (>ajVI liU-^ n II La! .Lfljjii ^^IJl jljjjj 

^ --f 15 j wall£ 4 n.rt^ kki> Jl 11* ^n ,A"j .(Uj>^ .^ .J 600) Lao Tsu >lijV I a m, ml ^1 
.(ialk* <6jjL *<JLui ((jiil) yin ^j (je" OL* <i>?W^l o^) Y an 9 ^^ ut^ tb-"*" 



a£j^JI ^ £l£ jij .(1-5 Ji-iJI) pLJIj jUJIj *J>3Jtj ^l>fJI c>° uS^f u' 
u "j^j- *,*.**! J^j" ^J (^-l^ (Lj^Li .a .j 322-384) ^^JUajU mjl f-^LUI Lj^Ij 

j j **i II r- j mi a j-Aj (V- uojVI I 't a II r J j^-i £^J <4-*-JjVI 6 j ir>IW j a II i U 
j n"*l 'i r <j1j <<LjJ_jVI <-ijl a m II 5>^-H (j-C. LaLa-j I j I ~\ \ a <jL£ t J^La^-a-^^lj 
6jSJU (JJJU-I Lajij .jbjl a mil Sj^JI (jJ^ LF^J*' frJ**U ^-AJ^Lo CajI^ j..tKj.UtJ 
(jttjA ^ (VjS-a Jj^j 6j(jj-u£* ^jn uUajia nijl ££LjjI JuLS <4jt_njJi <_»J_c^_txJI 4-iaLa^aJl 

.quintessence >a^?JI ^a <^LJI 

Lojj <<jj ir>\f. <j£j aJ jlj-aJI 6JlA « ia^ <j^f r i Ini ^ <jlS IjJb Jifl <a-aLJIjj 
<Ll±jjoJ2 6Jj^j jj-a J) S"*" II jSrti V (5<-ul «Aj^IjaAjI pljl n mi II j-A^a» fiil »" '■■' * 

.tiudaJI a-IaJI a j ft i ri ^i (j* 6 ^? aj^JaJI 

^ # J 

fj^^^ ^<aJaLk <LLj"tJ a 11 j-i-oLLaJI o » N ^jlj tj <^»l 'i r J^&^j ^j^ljJLfil ^jl 
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<SJ^J ^.n.JI <jJ ^j^l s j^xu ^discrete 4*Wy»n ^1 continuous (iL^ai*) 

<ji ^ la oi *iLkia-a SjLJI <$ fl 'J * »*>1 *lj^t ^i <J-f-jV Lo ^1 j i^l 't n II 

J-aljJI ^1 (jj^Lj-JI L=J dlfl <K.ijja3 JIj-uJl liA (^T. <jL^.VI Jj^" "irtll £yo 
6JjxIj < ^ i ^ i^J <j\ .LajLajI jjjAjj&lII (jajl-A ^ J^-l 6^ f^ 0-°J fJ j^^H j 
l-jU^cVI ^1 SjjijuuaJL IjJjjBlS VI ■->-> j '<jj^l Sjiill ^j-Aj f^^jjjiflJI (jf^ ch° 

<^i]l *(Ljji3 ^ -3 420-450) Leucippus of Miletus JJa^L^ <> Juj n m.^J 
«LjlUjlJ <jL^-j iai (jl^ Ij[ V[ SdJLL tjijii (jJ SjLJI ^jl ^ ^jn mjJ rL^ *x5j 

<>j lM JW lt^I ?</^ J^ J^ '^l^ 1 *±* lA J--^ H i^l *# ^>^HI 

.l^lc aj-JI <ijJiJ L&£. Ij^ 6J H t OjI^ CiljAJI £j£- <&J& (jli <*i!Jj £-oj 'J^s^ 3 
CiljJ (jij tAja>a 11 j JK iti^l ^j-o f-^JuJI <JLdLulj <Lfcj)rt-s n cJjiU (jl jj <^>" IjS-Aj 

< J j 1^ 4" IL S^>iiJI 6J-A Ci-Iujj j-Si .^j^.VI jlj-oJI CjIjJ ^ t . 4l"t ^." SjLo J^ 
L^-il ^jlaj IIaj <atomos i^UjJI <iilL L^ajj^ o^°f *^ cr^' iL^VI 9jf> mj 

^-0 ^j"*-* *j^ a->J <t 1 n Mi*i II 6J-A (3^°' (£tAJ' (J^J .1 (J rt 1 m Q*t V^9 LjT/i^-aJS ^jS-eu V 

cJlI4 u^ (S^ '(L^j- 1 ^ -f -3 322-350) Democritus of Abdera \j-*±J 

^jlU oljJ i^J 5l <ijL5JI lj^ i II ^ulaj^S-ajJ jLalfcl oSj .((J^l 1 A II ^Jlj tnljilL» 

^^-Lc 1 j Al,t,ft *^'j u^-» f^ «p! ft II c »'j«ij <a! Iri tj.l oljjj <^a LU oljjj <uij 1 ^ II 

(jl C^'J *^^ 'njL^L? CjJ) ^° J»^g j i^nl OljJ J^a^j fl <A J <^;LjjI IjJ <<^j ^ "t II 
' # * 't, « * 

«(JS mil 6jjJ* "ifO^j P-l mloj 

^ ^ *> -* ** 

P Ljjli >-Aj t^^jjjij i V I CjljJLLa^o 4-ajJLLo (j~a **J-?- jli-*VI 6J-A ui *il S 
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P U Q j ^ j ,,.l ^jj| ( (Lj_jijJJ1 .a .3 270-341) ^j-^L^u ^j-o Epicurus ^j 3 j »l 

iiAJj rjLu W-^J <<aJL-oV l$_j( '^"*J J^ ^jli\ _ i^JVI ^"^ £ 'CiljJ £ya <jj£a 
j—Lc j <Ai-\ t J^.1 «L^Cjj ^jl JJJJ V (j-« (J^ jj&aJij <<jjjLaJajlj U-ojJu jj.1 mil 
^Ij Ij-A ./^jlaj-LJI jjj-jLLU * inVt _ I 'i n <1Lx\\ <^-=± i^^uLaJi ^jj->uU r-^Li-ol 

<atomism ^jJI l-j-aj-JIj <;JLxJI ^ d^^JI Sf^' cr^ *^-" ol Jj-*f c$j-" 

cjIj.aU SJLU ?j mfVI (^o <aJJa1I jj.V>H <^" C^' ts-° ^-A? t£^' ^M 3 ^' 
j j 'i ^ H <jji.ll Sjhtll aJ-a oj mi" il jij .L4J o**-^ ^^jJI *LJuVI La^j i%>" ^^Hl 

ujLiS ^i LajjjI (L^>& .^.3 55-95) Tito Lucretius Carus o»jJ^ o^j*j* 
pIjaj<II ^ ^joo ujtS Jj1 ^ji)4 <(*L^VI ?*nU) De rurum natura <Gl^i£. 
SjLd (^J < ^ ui r J- ol 2k H (jtj-iJI (jJI Ijji 4 n i^-" '•*-* J-k *Mj -i^^Of-*-" 

:* -■ 



'-'AJI 



<(£jjJI c-j-AJ-aJJ Jj 1 iA» jI aa 11 J-1S1I ^j^o ^ii i II UjU Hi^l A,\ 1 ftl*ij ^jj^ ^-^' tlA^ 

jj 1^1 n II ^_fl 4 J n j j a II ^^-A aJLjlJI ^J <Sj_uiLfl C*jI^ ^jjj <<JjiJI f^-J^IaJ Cwl^j 

jUJVIj ^jLJI ^AleJJ ^^iJI jSVI Jb «JjVI ^ *cdJj j^u, ^j <Cf k^j.ll 

^■AJ.aJI ^1 ^j^uJUojk titjl jJaj <4-a. j Cul^ .<lL1jijj^fl <j mUH L^j A_tujj ^jjilill 

(jj-lu Li-ft 3^"* hi j *$ - <£.ljjy Li^Lk _ ij\ i l"ij H^l Jj^.a A^il£.l ^JJI <(^jjJI 

cJp^UJI oV % p^U ^J Jli5 J I o \< nj V <<J* ^^^J 1 oV *^ul _ d>^ 

.(3 J^iJI 
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A^jc.Ludtt ^ alchemists (^^Lu*** 11) L^alJI pUaftll ^i ^jUjmkJI oj\m oli 

<La.j ^ LijLc OaSj <&^aJI (^-fl 6^>Iaj CiLfl-^j <j| ^j .SjaS aII JJ^J j II t A a H 
^jJLJI ^ ijl ni^j aJL*JI lal^j ml LoJLlc <*iLlj iJU .M-JjJa LiV> frL^lUI f-Lc- fr J *~* 
tjiouuu^ 1 j ni mi! £-*-<& J ^jjJI 4jlnt"ll iLjjiJI <^L*3 (£ jJI JjJ^iJI JisJI j^o£. A-jLuJI 



6jl£fil isJi^i L-ajl IjS mKI ^jJI tffrUftftll ^i ( j : xLftlnJI (£jJ CjjJa ^UaiJI 6^A <jli 

° O J» 

- 6jSi ^j£, LajJjljI /<jJI olj v- j-ul (j^ J^- 4 ^ £*J*A^ J-* ( ^J^ a c J j Loj - <j"j" fcyj" "»jil 

i" J -fl 

* '" 4 -fl 

Jj&iU ^jnjIlkjU mjl L^-LaJUl-uuI ^^jJI Sjill (J"fl\* «jltlll ^pIJ I J M mi a ^jill A (j J AJa 

j 1 I n "t n II S^£xaJI ylj «AjiJI *.-t a ^ OjI^ jU .(jjjj-ll i..i & J a 1 1 jLAaJI <LxAJ-o ^ 

.Lolf. V <<lLotj <-LuJi LgK Cut£ :ifl^jua ^'uoVi oljjJL» 



^j-a Jj-W «SjLaJI OLj_tla iijjL-a ,— II J--u^^jJJ a lu II <ijJuLtd (_£J-1I <Cii^JI (jtj£ 

-* * >* .. J' ^ "* 

CiJli <3lj c> iij im"> n H <JLx^la ^jlj liA .SjLJI <£j^. (-Jj^JLjJ <j_liaj ^JLll 0-5jJI 

- ? - 1^ -^1 

(jK ^ t <Jj([ nill (j^s ^j[ j| tfpl i^^ll j-tt ^uj) tii^ n 'l iiLIJ <£»j-^ (j-o J- 1 ^ 4-LLfcO-o 

I \ U t j 4- j 1 II «—t^l^JI <j--o (_>a-4J «LjI Lhf-^ 1 (^ <cA-°3-"j (jL^-IL-J jIj-C-VI lajj 

^jj (j-ii .(2-5 J^ 1 m 11) 31111 J^J I ^l"t a n jAfc* u'3f-°-" 6' 6^* ^ 
^ ^1 ^111 ,(1794-1743) A. L. de Lavoisier «u^jl^iV jj °JijJl JjLil 

^-^JjJj <Ul a* j ml gNa i 1 1 ir>u (jlj-t-oJl «jiol («Llji^^JI g>l 1 ajS " i_jl a_jjuIj < 3^ a ^ 

(jl J t A 1) Jl ft1(l fiil (2>^-0l < J *S 4" 11^ ^J^jJl J^-fl P,—iiiJJ .SjLcJl jIj«uj| jl ATl j-.fi 
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<J ■-•* — i jil\ <i v _j^j ^ «uj^IjSV <1<ulLuj1 ^^1 dljj *uj m. ^.wl5" yijrtj< o'j^- -2-5 JiAH 



jLi <Llf!jj 3 j ■<* La^j <data (oLiLiill) oljUt oli ^k patterns jraL^ jjj oIjj 

,OL*^l»JUI Jj^-ij <A UJI 5Li-2w A. J ,_A r; jLaJJI 
6j^ Ml (^yiC- d\t\\ (^yjJl S^AjJI ^-A UU ,WT*1 ^yjJ" J <^l * * 'l (JjS £ J^AJ ^IS 

J. Dalton ^>Jlj <^>^ <jL£ -oj-jJIjJ atomic hypothesis i^jlJI j \ ^j-kA\ 
j_5j f^jdj J^ J^ p^ OI^JVI ^^J^» LLa-j <L^U. LlJ (1844-1766) 

*Lfl t_i A * * " " t *U .-* t t a ) a /-. j t ..^1 a * 1 1 fl * * p L | 1 1 1 ^ L ^ i . 1 f * ■ 1 1 1 1 *ja3 o 1 1 * • \ t^a l i I j^ i } 

£ 6 

/JjVI o>il^ ^i Royal Institution ^<loll j^jlJI ^ LaLsJ &j <Al ^ .o ^i S^ 
SjUI 51 ^ <£L»> Jali cul^j .1807 r U o^ jJl <1803 ^U ^«„.u 

f* r\* fi j i^i\f *— >ljJ A J n^fc Jjl^ <LAj \ f\ J "t 2^J UbJLiJjJk ^3*S a » 2 CjijJ ^j -0 4-i^jS-o 
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^jl j s\\S II jjIjjlaJI ^jLfl a_i <j-aj <LAjj-aj 4jjS SjJ JSJ JL^.j-1 <G1 a lJ a 11 4_oj^JLs 
(jJk alAj .La*1£^£i Ctljill jIaj Uaic ^.W" ^lll <Jj£1I ^i cJjjijJJ J«^Ij jj* 

(^j^-^jj^o) ^^^4^? ^ j"* ,no lt^ f^H-^ *4H u>^ c^' 'tansduction 
«LLU macroscopic (<^^ -jj^ *) «ij*>L ir JL 1 "^ ^ f Ua-±"ij-* microscopic 

J j js%.h m \ (gj-m <j-"-*-J (j J iM^ II pl t,AjS II j pLjj_lLII ^ rt I r AjaJLua ^jlj '»**■* .J-a-»j-1J 

((j-aLL <^^JJ < Jj% iaI I ^1 Jj^-sjaJI jv^-jli <i tj^ t(jjj£* ^-11 £jj£LJI Jlil 

.C*lj-aJI (j-*-*}^ J* ' 't luLaJ ,—11 ^j-iu ^jul tfln t (^^2kj (jp-*jl C» niljflll ^^j!u 

.6j^jj llai 'j» I a 1 1 » ^jVI * j ****** L" ^a-^I ILj-Ju ^jjUllj jLuj <<lLjiJL&JI /c-flj 

^jl^aJI a^La 1 Jl (j-a <-flJ*jLjL-o ^jjLLtu "LLsLa-o *LfiJ*Lk-aJI j <oU* II C*ljJ dC JuLfl 

J^lxi ^111 ^^U JjIUI %lL ^aljiiVI j^LJI dJj ^Aj <caloric (JjjjJIUI) 
'(jJjLh 3 " £^^-* <j-^-fl 5-*jL*JI j i^l \ » II cjIjJJ (j\ (^LjjI j-3j *(3 J i^4 1m SjIj^ 

lj_Aj <£jlj-aJI <jj Ifl U <jJ <%ill j i/^l'n II oljj U»! .4jji*>J <£j^JI <j-a I (j *i^ ju jJfcj 

. ULoj ^ n u j! «ifj^l <!*-=> jiU *"uj£>JI Sj^iJI QC <Lo dA. ^1 J_AiJI 

Jl^ ^it ^ j" ^ J Jj^^a. jldr.| 9>\ U*i riil (Ol^^j-A-cJ iJ^"^ JLoJL*LujI J!)L^J 

I fj » 1"^ ^^151 ^^1 _ j-i-e»ll*JI t_LLl _ ^^i^jjj^a^JI Sjj "LLi£ ^J "L mi'JL <j!jJ 
atomic «UjiJI uljjVI ^ul *u^ m\ II <4ji-ll J " < II ^j-a ^y-Lt j I UI jJj .1 
<2\i~* ^jx, <Ujl ■% " cijL^ It jVl u "^ *^ ft n " lu n a-i^VI IX* Jlj (-«j *weights 

^SJI *Lc j 1^1 't f, (j-fl oljdJI JJJO (jlatiri olj 'Aji j^ir. J n" . t ,.j L^J 6jj ii i *>" cjI^j 
3- JS mil) I ^ aU< a ^_a d *; Ll X. <Gl \ i rt 4i, 1 CxjIs LLaj (j^J j ts*i\c. oljJ ^-a ,.1-^.Ti 

*(jj*>lj ***"*** II UJ-*-*-* ^a^*»- OjI^ *L»jJJI (jjjJltJ 4-i io^i Ciujio AJaa n (jl tLa Jl^. (_![ tuAiaJul jj-o (^Zj 
Lij^i-ojjj OljJ Jjl£. lli^ftj .Sj^A.j-a jjAC. <jjI^j^-II ^jLoJI <JL-uJI (jl «GjJ^Aj La Jil (jL*i (jjJJI 
Jlli) La j<^\r oljJ ^jn^l Uii^IL t>±a*\j <£& ^JJ Vj .(^Uftj'CII O^Ulll jft (ji i^J) 

Zj^s*. ijjbj (4^j-> ^ ^^o^iJI 6.1* ^jj ^jU .(^LjiS (>aj«j (jc lo ucuu >-*l"^j isotopes ^UalJI 
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fjja SOaJj SjJ £y> OJ^ -0 ^-°-M (j' <j*ajJ-*l <l^ (j *ift <Jal mm II 6jl n"f.L*i Jj^Aj .(5 

7 fj jy ni^ yj (^jHI oj>1I u! g^^ "' lj f t j ; A^jj Jf^JI <>* f'-^lj *j*Aj jjj^-ujSVI 
Jl nn" miL 8 ImJI ^j-Lljlj .iij ^i^l ^Jb ^^lll cjIjU^ n II ^U <4JLaJL* II ^j) 

tjA^jjJjJk £^jj fjja <iLLaJ I ^ <jj£* pLoJI ^ f^ (J^Aj '(j^ 1 " ^ «^^ 
CjIj i^tl-^ j m ^ n II (-fl CjUia-^LaJI o^-la) «-ij** <4 " nhr J£j ^jjia ^1 ^j^SLaJI 



o 7 

(D 



ELEMENTS: 






■Z>jJ 



5 ujjjS 



7 (j.1 ■> ril^l 

9 jji^i 



m 

1 



3 



W 13 cu^ 

20 Ljali- 
^-< 23 uo, 

(D) 



'3 

«5 



28 Uj-«-o 
^2 ^j. 



© 



®8 *£?j>^ 



50 



66 j lil »j--ti<7i? 

(l) *» 

190 w*» j ^ 
(£/ 190 ^iL ^ 



167 



i^J 



ijlS] jjj .j-*£m £-kuLi!1 <jjlS\ t>o cPj^' cjIj'i "ill ^j <jjli) (jj^' J ^-^»>* ^>$-k -3-5 J S mil 
dLiK*-Jl |Ja Ap » p-L-cktl ^^Jc 1835 ^Lc _>jjj£!/JjVI uj>^ 19 (*i OliJbJI 5j <^1 ^ o ^i Lj-aoi 
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j^l^lJL j> mu jj^VJl ^ Ul^scUtil tiUj c j^j pJ fij-ak. <J>A*J tjJ^' J oIjjla^j 

4-a-ui Ifl fl j^jj g-Aft,?fcll «L^kjJI 6dA JjuBj aJ <tJJj cej .Jlft-ll JLac| £-*> <ULaJLaJI 
jtj-6j CjIjdJi ^1 p! ri 1 f H 6_>i-ftJI 6J-A ^ *t » " Ctjli <olj*t i m 6JLC JljJaj .£_Slj_LI 

? c. $ * o> * i* 

ur i*_a (j^U U-a-Slj I n h t C> hm! 1 (J A I <Jj£]Lj jlln { Jli\ pLI m^ 11 aIj-^-V SJlJjLo 
aJLc ^Jtiu LajJLc <Lj_»jJLi 1 858 aI_C CtJ" -%l <LuajLl-oJI a fc« ft (j^J .^-jLa-dJl < j_a 

S. Cannizzaro (1910-1826) 3 Jy±>\£ & mj)1 g . .*,, ^JLL^Vl iillllj ^L-^UI 

.<jjjJl ij^lali! ^ji lOjULa t j itif « iiilTill (j->^' Jv?^ Jj'**. 1 (_$■**■ <(j^iAJa*JI (j-^JU 

<K t^ ^jl*. aiaJl ^ J-i-o^Jl ^ ilaJuLui-aJl <jLiJjaJl oLlilll cJ^-Jj jij 

I t \*S a » ^(jVlj .Sj-uliL-o 6JJLJ IjjI ^jjill frl nl* H j jj^jJlj I d o J 3 j (jl£ ^-jJI rc.?k *s II 

<j\ oi ji^ jJj <(4-5 JS^SJI) SjLJI <> 51u*i^ LUj Ji^S, ^ oljljl Ljj 




O^jI (^pJI j-uallaJI Jj£ (jJ jkUiaJlj 3 "'l**" J J^J 6-* C*ljjJI Jj^J u^i^ J ^ "'*'"' "'l *4-5 J< ni II 
J j i^-\ U Jna i.lu1 ^JJl t jl j -^ 11 .LAJJA.J jj-fi dLi kia^JJ Vj («LfJJjj» IVtSnj *(J2lj .jjAiUj ' ^ i tfi^t 
K mLa UilJ Ijj -^ o ^ n nn f (jj^J I "i II ,JJJ <jiai n U 111 (j-lt ^j^ j I ml) CiljJJ Sjj-i-cJl ftJJk (_j.lt 

qU,„ ^*c ^J» '^f^ *^^ ^^ f^uJla^j jlfl->ll IIa .Scanning tunnelling microscope (STM) 

•c^jj cH'Lii c^^ resolution (J-<l*i 
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Jj i^i^ II iLalaJI Jjjj ^«111 rJj-Alll J>£- jjiimII SJ^a-VI ciifc O on <^> jl <jjUr 



<jl (jS a t V Lf-JiJ < *t£j ? "* " 6J-J-C e-LSjJLj La ^_A CjIjJjI <jLj <(jJJ*h-J^-aJI 
. I (j "t t\ j% 10I OMjS-d $J^J '■^nJH * *^' u' 11 n f t^gJij^'nl ^j-° ^fJ-°^ A "^^" 

ol j i%>! ^ II £j-j£ tl>^-^ * ftj*s <jju y » ^ II <>«i <dli^ ^-oVI ^li lal (jil 

(jLS »i5j IdA ■ j *^j"N (c^4 U"° LAjj CjI j iVil ^ II f^JJ (jV < j i ^>l "i n 1 1 <-tiiJI 

't-* - * ** 

J. J. £jj inojL .£■ .£ ^A <Uii.lj «Ujj CjIjJjJ La^. ti^JJ 4jI CajjI £y> Jjl 

J ,V» « j < ~o 11 o-* O 1 1 897 f Lc ^JL» tf^l «Thomson (1940-1856) 
Royal ^ < l n II ,^o » n II ^i Ijji <il n."i<l l^ll] jJj .oljUI o- oL^jj't'siyi 
^jj oLij^^JVI oJLS .1897 f U J^J/gl ...j 'i 30 ^jt^ Institution 
(j_a j-«-ua! ol o j m ^ (j-^j <subatomic particles <jjUI ^a ol nj m ^ II 

(CjIjJjj ^jLfl aj (j-^J <jljpaJl « t n ^ 1 LcLc Lij^Lo C»J»lS L$j| ~ J j » A * S <La^oL^-i 

.IjKIj Ljl^jj <mI^I ^ 

JjJ-jii cJLiJjl &J-=k <jmC ^ nil't II tjj"^-" <J-° AjJ^VI Cilj\ mil ^j 
Jjil ^jS o n II ^j-o ^| ^A t t II ^Ijj <CjLjjij1S 1V1 i,ij"ijJa 4_i_L^S_» ^j I*" « Lo_»J 
J^^-J j^ cA-a j J * f t <j1 <-oj ^j^J A-lj <CiLjJ^>aSJVI u-iVl Ai.U^hj SjJ ^■ t ^-" 
.Cjljj^iiJMJ <LJLxiJI <* jM >j j < H <l\^ i m II JjIajJ <x^j-a ila^-ii olj CjI oj ""^ 

E. Rutherford Jj>sjJj o m-ljl ^ j ^ j J tAiuj <> K ^ ^ II 4 j_a ,- t il jj^ 
jaj <i v >^j j-jt (j^i\ ^jj^Ljjjlll (1937-1871 <t j^-Luij uijl -UjAA-) j j>^') 
^j «nucleus Sl^ljl jj^j ^1 1910 ^Lc JJ^^S ^Ulj <j" ,m ,ti\L> ^J dJj 

(*)! J-ftJ <6jjJI J^j-ft (_£-£ ^-fiJ LjL^j| JLjj^ itio SjLa £^a ijjio ji < /-JI <jUL «LaJL» 

facebook. com/ketabme 



■BHHH 

4-ll^JI <LI^C <(jJ^-> ur*^ Cr - * ^-^ ^ fl l iiis SJ 1 ^" O'* L>^-*^ ji-usl Slj^JI 

jtillA aJI pLJuVI J^J fV»^- L>^- f M^' UfJ^ (1^ ^ ^ (j^ '^^ ^V 

<j-a (JlJaLJI ^-o 0.3 C-LAj ^jLluj - >la£ <xa.Jj^lJl 6jjll .T' j- m i a JI ^^lr. Ojjj ic^-H 

oljjJI &i-A p-o c j^i_iiLo 6 j mi r ^Lfl IjJ ,(jJLaj>-aLj 0,3 <,>La 3x10 ) j-TwJI 

•n * « v ^ „ " * 

■»-^a jj-ju^j ^jlc IjjLS <j^£j jJ* — [j t UI ftti) i^j^uJI *xa Jj^ uj^" u* LgJ 

* , ■* 

L$_iV <dii£ Cx$£i (J '-*>,» I4J iJLJLaJlj rlj.^. *^^ oljiil ob '^-* 

(\±j±> Sj j i <^> oljJJI pl (JjuLjJI .ihm Lh^J -I 4 LLlj frL* j t iVI t j»a IjJ*^ <_£j^Ja 

^V <i*IL\^ oj^ (jl '.•? jj '^ * jf *.*s Lol f , i -si di I ft 'i Lij! jjb tiLlJ ^ ut h i II 

6 j) iii "\ n frt .t ntVl ^J-6 Ij \ t^ ^^j-aJi <1 i A >1 ^L^JV <* iAjI 6^j J iS S^jul Sljja 
Luiygi ^ LlitLuU ^ IlA f jil MAa. 1^ A j >i t^t l^-jl (^UJI jJaJLA ijl^J .Lj.Klj 

jjflj .1^ K ui jj-^j Lr U. JixJI Sja5 JjjLi jliiVl a3-a Jj-ft (jV tSjjil ^La^yi 

j-A _ LaIjj LjJjI ^ " UI Ij-A _ CiljJ-ll J!La Sjji i^ ^-L-iil ^1 i^j£_ujj^L&JI 

*dJj p-6 AX.jJL»J 77 J_LoiJI ^ 4-lIjl^JI ii^klJI ^ ^JJ-UJ Lq^) J^ rtf.ll ^yb 

^j (^jl-^ SljjJl J^k5 <jj ujjUJIJI J)^ ^Sljj jJa5 JiJ-i-^ f J5VI ^^k ^JjUil 

ijlji La^L5 5^ S^ill ^1 1 \ L -^ "» lj[ IjJ .Sj»UI jJa5 ^ ^Vl Sj^ii£. ^ j^Ij 
.1912 ^U. (SljlJh «nucteus» ^JLm* J^'ml ^ J^l Jj^Jtj o^ (3) 
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<jLfl IJlL&j .j* Ailnll j nif ■ LAjlsLfi l^la. SjjJL*-o j ^ ia J (j£J~uj L^jI^j cX^^ clA^ £ ^-° 

cdLsL&jJh LkjjlS ^11 LLilll <aj .ti Jl oLij-LL-JI ^Ji <I_LJI ?> hmIL Sl^lll 

.La da. ^1 S Jf^ *'j^' t£J^ ^M <t£J^' V^>* LT* LH 1 ^' (jA ^^ 

?jjlnill £L* tSJI ^^ili ^1 <6 Jk HJ ijLjU^VI <l^ mil <Ui ^ILluj ^Ul p->sJI lojftc 

£v *Sjaii «Ui^n ^jt<n < h< n ^iiLi <i «\»l <Uih -U-* jK^^ 9^j>^)U 

J ^^" LoAltj .pfc^ui ($\ <Jl^ ^j- <1-aJLj 0.1 j-a*j (Sj-lu J j a" V Ciljjjj^jyi 

^1^-oVLi (J^ J^J '££j^ (JJj < L l ^ f 'J - * *4 J* '"" ££^ (J^' OM '^^ I ^ IH'N 

«Lalij Uq<3 Lo|jX. 20 4j1j-S *J-J>JJ IJjlJ u'\f\ m-y Ci'jJ ^j-° iSJH^ 1 ' P l °? jLsuljuuuI 

J^a. ^jJj lfl_lo Ijjj^ o' cr* «1-Ajf^ l>-° J^l ^-J^ *^j>»-* *t£J^ ££>*■' * Lo - LU 
o^J *^j^J t^^j^ljJlj ^i^jjii^JI ^J^ -^ J^A? ^ 1 (1 "^V 0^ 'LajjL^-6 

't s . p. 

4 rt ki <j| tdJj <Sljj ftfJ^-* ^h?"*~* U <w V^ iJ-A .jLfl ^jj'N i mS vl^ L jJ^ s- A-'' c£J-^ 

Ol p * ^ Jji U^JI Sl^jJ JJ V <ljJ «OjL>^^-' 4 J J mil j*1^> imII^ <1 (|"tlj <^il ^ I S^J-o-o 

*g! ^^-»4 o^ uj j aj^^l Jj^ ' ^ '""^ -^ ^<il '""^1 c^j^ subatomic ^jj 

** (S - 

U n i i| j^j-Aj <^j ^ ^ rn's^fl SjJ Sl^J c^JLILjj -oj-S f^ya jUS J'J-* 3 <LLa. Jj^j't^ l| 

a j iii^ II Ijjh^ .proton o^hji^J' jA jlj^xj (^j^ uj^ ft f <mj > o^° <cjIjJ-II • * o a 

jj n-lf j-uaj) n^fc 6ju«ii <*!« riil ^jjju Lidlcj < ( j^i^^JI pl > tial a ^£. Jjij '" n " s>* 
4 rt mi Jl 6JJ5 t fl <Ti>" m t (J^ *'—^ "t^LJji QJ '^* II Jj "'U OLiJJi^j-iJI (j3^ f^jj-O-i-IJI 

{y <J^VI ^jJ^. f^a-lj p ^ll Jj^ i-Lil^ jji ^Luaill ^1 ^ ilij mil t_fljJLj jl <L1a 
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(^»2jj :«iiiljj (jjjlUI (j-aj H^-J oj£-XX u-" aH'-JJ**^' *J^ <jj£" 
£i» <j„V.»I1 ol ■ (4> ujl)^I5U l'.' 1 '" 11 fia ,t.ll oLiJ^ Sljill tl,U-iVI <i=~£JI 

j tr\\c SjJ Sl^j-J j— i CjI-J^j^-aJI JJ-C ^, n m j .^jLjjj'iN II Sl^jJI JJ-flljj liU 
^ ^ ^ •» «. 

<1 ^ ^j^jjju^JJ ^jUl jjaJU Ijj (j is>\%}\ atomic number (^jUl jjjJI 

gin-% JLa* j-A Ij-Aj «IjjU^S <J jl i J a SjjJI (j^^ L^J <liS-Aj *2 a j j I fl II j 

oUj^J^J LJUI L^LJI tl^ AJI U^jlIj SljiU Lkji ^L^VI ?'»^ Ali 

.iiil^JI 

(j^-aj JJJlJI dJj (jlj <j.t<V>f, SljJ ^jJI JJX. tyi in't cj^-6^ <jl (j-d jjLaJLll <jl 

<" ** * «* 

Jjd^. jIJlCI 1^-lA.I (j\ f> a II <j-a £)| *** * <Sl^ftjJl („ > i Njlu AIaju <4u£^ ,JI 4*1 n ^^p 

S S & ' s 

,—lc ^>J-3Lj LoJ-Lt <ijJLJ {j\ e\ n II (j^a-fl fj-t-alc <— >La-£ J^ LJ~*J 'J i^iI 1*11 1.L4*» 

(Vu j r^i'tf A^J-* <JLU1aJI oLslSjjJI j! (*-* ((j -0 ^" C£J^' SX»i\ tdlj <-l j "Vif 
j_3j ((jjjjLaJLo ^jLijiiJI Lo-AU(j_c ^jLS Ijj LijLsuAijujI ^jS nj < ( ^>^' o-iJ '^*»r. 

H. ^-Lluj^o C?J^-* LAj£L»I *Ujl5j j U hiI^j lojj^aJi (jjj* "II ^Jj»iJi JlJ£.2l O» 'A-s 

<Xajuk 5-utJLl 4^U,\l m.I ^ j j t ^l cxlj aju» dlJjj «Moseley (1915-1887) 

j5j Ij^.JK i (j^aUS d ,^1 .yNj> MjI5 4-Lajfl nn «ripTil (-jJI <-A-oljJyi <jj*S mt II 

I j ioiIj uJ>aJI Jjil *ll »mC LuaL-a^j <GjL-o[ Jji W. Owen ^jjjI Jjj-LLj .«jj^ 

:^liJI o^JI (JjVI t±A*i\ V> J|) 

SjL^JI <a4jjs I j }* *"< ^ cJlL Saj t<c\-y itill d UI Cu^ 



s 



LjV *>*-JI (jL«u^ <£.K m. ojjj j^^ ^1 I j Ti .«o Li^aH lia. IIa <j\£ ±*i 



jaJ ^aj .neutron ^j^j^l Ol i^kT ^jj c*aJl ^,» ' "> ^Of^Jj^ 1 5, >» pLiii^uL ^jlll JU (4) 
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.6jJ js 



L^k. ^Ul ikLJIj .JKA. ji^ Sl^JI J>^ oLjj^J^J J^JI 4^^J> u 1 * 

.Ljjij LaLaj jLL pLuki 6jUI (jl (^-A 4 mi Si j fl 11 (j-o <LL*.j-oJI 6JJb j^J 1 jj nfl $ 

<jjl1JL <ilUI j&iS^J SljiH <±£ ^ <Utjj j^ U£ rSjiil ^LKJI itUU 

.^jjjjill <ULa> (-i <^Lj-o <4j-«j («Jftj - C*Ljj^>J^JI 4 * ' A * ^j^j (5»iJI J-A pl lAflll 
«^JLtLa* ^ la o 1 j .Lo J^i. ^Jl I n^ 1^1 J%Uj «*liM «LjjjAj f- jLfl p-l <Afl j_A di J " <J > J 

fLtjU LcuLJ ^^j^j <Lj>aj f\jLi p LaJlj j£-flj J Iji ciJLi ^^"tH j^c b \% \j 

6 a ' * * * *% , * * * * 

J J -s" *6jULj ; jJjLJuaJI f- Ij-Lll Ij-A jj '^"lj '£, L>"* LT^ (J M ^ ? *VJ «L^'j-* J^-^J 

"* >* "" «* 

» ^ -* ^ ** & ^ 

<Ll1jJ p\ a '" jJa-Ju dlj-lkj I ^ ^J-o <4 t <Aj3i 6jSJI A ^ ^ 1 §'j~* £*"^ *-*-*,J '■*' Mi ^*» 

flji (3^. (Jl"A.j V ^1J^ aIjj <£jJl pLAill j^lji ^1 .A^aJJL 4jl^j_o jual <«n 
.j-i-aiaJI jj t^.^ n. ^a^=^ ^a extranuclear ^j^lJI ^^i £Jjilli *dlJj *^aj 

OUjjjSJ *2i .^ <hu /j-*^ Sjij) 1/1^0 *GjJjj ih n LaaLuj La.jJLLa 6l^UI J-iuali jj-*^^ (C^J 

Ji-iiu ^1 oLijjjUVI <Ji^ jjLi < p<^"ll 1>£j-a Lukil JIajj ^.^^ jjJj ^1 
.4^Ijqj<I1 o^UUlll ^i gjLtLJI ^ LjjS: UU. pL-ki 

4-jI j ft > ^.-A Cit-JjjoiJyi (jl ^j-iljJliLj pljX.Vl i-ojli-o pLa-L«Jl « Lxj uo aJ 

6JLA cJIjLaj f^j-ijVl (Jj-^ J-*^ *Lj1 > ^> * jl - Slj-iJI _ 1 (] r> -> "i Jj.^. JJ^lJ tliSljS 

^^^1 ^aj-oJJI ^>lil Aij .Uj^al ^J jJ <c > I < % 4 I I ^-Aj <<1j3 5jj-^1 
H. Nagaoka (1950-1965) ^\1\1 j^il £JLUI ^L^l Sjiil «iiljil» 

^Ul Sl^lU ^jjSjJj uJl Mi"t<V ?-%j1a (j-=Olil IjtjiU l^j^-aj I di: J <1904 aI_C 
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aLC 6\ j % Jl 4_US £j-»J «J-a/j JsJ-^" ^\Sl9 LcLj Ql Q I % <j-a 2X1 ^J^Sj-o a 2h 1 J^ ***- 

(i^j^iJI) i^ljUI ii^tiU 1^^ U>j^ N. Bohr ^ ^L: .uU L^ 1912 
jLo£.l ^ Oj^tu (_jjJI <L&jL»JI <^_jJI j-5jjj <jl V | e-j-oJI £-"*-* Vj .S^aJI i Ju LaJ 

(3^j <<ffi.i JUViVl u^-<u V <Vjt .Lo^ac sLaJIj ^IjJJ ^LujjJ lift ^j .LlLLL 

^J| iijJLJI <1j^_wjj^LJI J h.%VI ^ cjiaJlj 4 U\ % H ^o ^>a^ jji jl % "il 

^o ^lilJI 1JL*JI ^Laj dragons illililU .iljj** ^i, ilj^-wjj^^ ^L^aJ 

I n^-M <4-uaLL i_fljji» ,—fl <<jjij ^1 ^ n*\ H (Jil^jJJ ^j-^- U^^f '^h'-* -<JL±iaJI 

« s * *" o * 

cu m\%\ J^k <4 T^tl % II eij^^ikJI .«pLiJLaJL Jj 1 % \\ <_i^LL ^k J Ia a II jjx. Ij_cJJ 
i^Llll J-*-«a-Lll ^ 6Jj^j-lu ^iJI ^ji ftlL _ jLa-aJI ^ <<JLaJI aJ-A ^ I5LLII 

.(^jlP^JI ^ aI^iJI *UujLg ^AJI electric puli ^jL^SJI 



U% 



j_i£ <*IUc. (j-o - J-J-oil Ij-Aj _ Jj «^^tl^JI i*IUf. {ya AjiaZ <ji <*hlf 

<jl .liaik <<LLuj-j J5Lj <li^-fl :4jj^j-o Sl^j J > > ah Jj& (_^l cj^IjSJI Sjjj-a ^^cljJI 

J_*^l . Jj-J>*> a O > o r-jj^oj J-^J <^ oU II JLa^JI £ya p jj <j| fSjiJj »*-fljlj p"jj-aj 

^1 Jj «lJijJLJI ^-IjlaJLj o! ajk im% ci ruji cjLjj^jiJyi (j' Lli^aJS j-A U U II Ij-A 

* ' -^ . c -• « t i i 

^-i tjJill (jl^-o JaJuj iijLiHI *U mi II AJJb ^ .i^j-aJL 4() j^t iti <jjJ6^a. ^AjJa L^J 

^jJI <jlj-oJI *J() °^ LT*^ '""^ '^ J-^aiJI ^-i <-Liiji\\ in La Ij-Aj <iijlj^JI <j^lajJI 

<4-aj iti 4jjS!j-o SljJ J^a. ^j^jill ^jjjjil^U ^5jlxJI jrf^iaJI cilLaJI AJ-A ^ ^A 

/\ ^ 111% <3lSj f^j^jSSzl j-aj i <-t*i I ilS t. i ml *> n II J-^C qm Ol ^-ju^J^li IJ_Aj ^ ^ ^ * * 

E. Schrodinger j % \jj>j J -^ Chjj\ j^" jl ■ «j^ 7 J m 4 II ^ ^j t ... 
JSij .oUj^yi cJ^ku £ iA& l^Li *l^L ^J^j IjI <J±1\ iJjbtJI (1961-1887) 
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JjLlILLtuj _ 0JlA.jjJ j § Jl 6jjJ <J j) i fi n 4_a>jJj <^a^-4^ < ^- LJ ^J^ U*^' «LLaAj Lo 
(jij . ^iijjjtjjii <JjLa^a JJ^U" gjlli c^J^l 6^ - <5^ ^J LF* <SJ^ ^'j^ 
aLc c/j-^J (^'j-^ ij^J t>° ^4j* U^) *JJfl i m jjnlf ijjao ^-^j' Lh° j ' "'l "» 

,ur. LaL^jb <lkc _i "v3^J <«^^LLo ^ m W u'jj-*» **J n «""H ^4^ ciiJUI <1926 

j i-UuLll ^juAJ ^jjj^tVl OLLJ l fl.t.fl J n*" ml <LoLoj SjjIjLo <LJLls-Lo oLojJLa ^j-a 

.OI^Ijuj Ja£ AJ^.j Jl9 j^j (jt£ (^iH 

* ; xll «GJjLsuo J^L*. (jl iij-JUo I **jlf < J t 'i jjjjj-tli oLI mi £-jLj-> f fi I \j 

il jj j a II J^ j j La£ <V i^LukUI <j-a < U fl\ Ji ^ ^jjjJiiJyl 4>^J Jl ftl^L 

^ ft iiu jfc-^l J£ ^ ajj,k1 6^*f uju^^ 3^^' Mj-°JI a' LT^ <<J'.tj1<"H 
SjLiiVI Ji: j*^uiVI I1a ^a a ir>l j5j «atomic orbitals <jjUI oCJjaJI J^LaJI 

■jjuWill JJUI ^ £W>KJI f^UI 
.(ja^jjjLiA Sjj jji Llill <5LLJI ^j ojj^I (Jj'^l <1i-a 5-5 JiiiJI <j!jj 

i - -t e 

(jjis^lW i^oil^ j-Lj <axil1I cut£ LJ <c5>i LoSij .JiiiJI (^i Jjlk'll iilii ojIj 

fSIjjJI (j^ 1*^ *-H>^ OjL>^V' U' Cjr^" {j' rt ^1 U -0 ^ iSl^lil ^jj-^^LaJI jl^^JI ^-i 
JjLIaJI jJ^JI (jtj <^jJUJI ^ *UJa5 *Ui £-^>J Jjia Jja f>^^j j^jJ Jla 
(jj Ctl iAj ifi,^?-* Sjj* '^» S^S Ctlji" Ijjj .!() mil iljjJI jJi ^>^VI Jl a'^^U 

^1 S^iJI Jjklj Jj*>jjl-uj (Jji>jijyi tjl ^5^-^" ^*ll£- «SjiJI (j-fl j fil*i^.,o J-S'si- 

* « 1 

SjlaUlo Jl ftl^Vl <-*a£ (j| .SljjJI dlfi- icjuuoj-o 6j!^JI (jj^ IaaIc CjVL^JI *tx* * 

^jlj-ojl Jno" 1 iA tl I *t \S rt ) <ljj <f6j-i£. (cic« fc-a.j-a &L^J*I dlLlA jjm J k\ L*jj£ 
(^jlJ-oJI ^ jifij VI i-.i'NJ <dLlj J-oj .«LajJlJI aItiI ft (£J2>^ ^*jJI (ij^JI pU miIL 

^^iJl eUJ ^1 ^,-ai^j <^J^1 U* 1 *'* E. Bauer ^jL Jj-4 <( jj j^l 5^ ^ji; <j! <ijLkU L^il (5) 

.Leamington Spa (> iijj ^1 iJSUJI <> 
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<^J 4Jb 



^AaJI w U i»H 




* " . - "* CC 

UU-% rtll (jJJJJ .(j^jjJu-A Sjj ^ LiJJ-ll <5UeJI ^J S jld-JJ oM-JJ-aJ S^fc Lj-A (j^i .5-5 JiAlI 

Jil^l UlU.11 c*xj .Jjlh'ill <115S <JV^ <Lii J£ ^ Oj-h^I ^ jj^ 1 J 1 -"** £jL««J1 
<fUV* ^ ^j^jyi ^^k. jjlaJI JLalaJ <jj ^^jj J^AlU :SjU. iiU. dlaj <Gl^j 

# # # j 

(j-o IJa. 4-u^ fil «Aiflll f^yA <$W\/\ j-fl Ijj «^i^o u^jj^JI (-11 a" ^la^jjjfl 11 SjJ Jjjl 
1 00 ^1 <^H-aJI <>* t^jJj^lll (^ P>a> 1 00 J^a-J l_A^>laJ5 t-S r^>*t 4 ft U 1 n) Sl^jJI 

<j*j .s-orbital <£jlx<JI Ljdll <3LUI jj ^jj^JI ^jI^aI! liA ^i.u .(jiojSaj 

(r<jLA^XJl <jj H \ ll ^jX. JlJj^oJI cfi^JLj 1 n J \ r, rt iAt*t*t m< /jp^JI <C»1 o "'11 ^jLatl 
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cSjl3 p Lii-*»! 4 j 1^1 j (^ill ojj'tS ljU (2x3^ (jl ^ t A" *eu Ljj(^S I j UI 'i" r> J^l m 11 
lt* £j'j-" gLiijVI 4aj ^J .Sl^iJI Jj^. ^Lu=JI c^jL^i angular momentum 

j;^j <o£J Jinear momentum ^U^ll ^lid^VI Jl* <j1 LJj .lu-» <3 J i^all 

-* "* ** $ 

6J-A ^jJ <GijJL-o Jjj_i Lo J^j -p J*" m n i»_k ^^ic V S^L ^ <£j^JI ^^J-C 
Lo«Alc. (JjJJajJI iiLj^ J-a*j <£.j_uj OjIS 1 nfl n <(JjJ (^J'J-* ^>^ (J' J - * 4_L^>-aJl 

LLilJ laJ tty&jja ^1 Z\j±l\ aJLI (J>jIj jL-ui-o £t ^_lx «LIjLj <LaLi£ Jj Ih'ill 

4-ala£. uuljui ,_S q *<" L$_j] Lx*J^ (^jJ^u \\\ < \\ t< rtfl n ^^ Lfl-tf^J <j"li3jJI <Ul5uJI 

t * " 

Ujj^il <liiljill oLojuJI oji* .!:u^ <Sj£ j)>iaI jj* dJj ilAj .ground state 
6jjb ^J| ajL^- 1 ! t^j u^ n * H t>°j *<^LaJI oUaLkJI 9VLJ iLLLa ^ ml ,„VI 

ila^-iii jjj jjiaj-oj (jX. <j a "I J II 4j&LLJL£ *<UiL£ <JflUa-J Ijjj-ft <jl£ Ijl cAjfjl J fl II 
.£j_fa*a (jAtnj L^-LOAal oljj^jiJJ 4 1 A u (j- 6 <JaUo ^jnl ii^i"fll j) <4juLi^S 

o^jj V j .j^j-oJI Sljlll Ji> mi" ^Itj^ ^«lijiijjjLo» ^yjjji\ L^q inj ( _ r jJI) <Llj-ujjJI 
^ <uln 3^4 6^ l>^? '^ *(5j'j £l^^l s oIjjIj-JI 6JJb (jja (^1 ^ ( jj > piJy 

(j-ajjL^l J j tr\ 4" lift ^Lj jjJaJI (jJJ M^ *^^ I 'tjlr <<5j^1 Sj-aj .1 (j utVs Sl^lll 
,p jlJI IjJt (j- CjjIj_la^j ^_^C- «linn <l ft% iAII CjLcu toJIj ^J-aJU : jJjiaLjja 

3- ■$ * 

Jl a 'i ^ VI aj^-c. (jj^i (_ij ^ *c^Ji>^ j «al ***** Uf-I <j^~ Jj-^ *' ""y <(*Jll& 
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^ j \\ \ o II oujlj-JI <j-° -jpLftil <j^Ij <i>»-6 (j- ^ ^^J -W-b^ aUbojIj *^Jx>° 
<p cjIjJj-o juiSi ^ JLal^VI Lfjii g. a -H.il ^^jJI oUjIbLaJI ^.ft <nTi .6-5 J^ Ju II 

^i ojj^i t> j>*" JL«^I Ji*2 ^Ul «JJkUI iil£ oil^ U, .f (6) c£,U. 

JjlA. 4 inljS JJ-C £ji.W ,i Loi «Sipili Jj^- SjjU /c-^- '*^^"* t LoJJ^- j t«*u <A-S^o 

^j S «^ II j^ ^jlj>JI ^LiuVI oVLa. j-Sl>» f <d <p cAjJj-aJI ^1 ^-a «Li^jjaj; 

4 * # l* 

IIaj -tj-W c^j'3 ^U*uV liilj-o JJtj <L\.»-%" >-> i£i jjfc ^ill (f (JjIj-JI <j1j <p 
^ Ijliaj <j^p£JVI uioij centrifugal SjjU 5^5 jJjj ^jJI j-a £jlj>JI ^UjjVI 

^ ijlt ^jljJ Lu^ l(jjlr «-MJ*J m ££^>^1 <Ai5j ^H^LJ <la^}Lo LiA J,^^ .dljUl 

oIjIj^JI 6jla ^ 4^1 /«i Ij.ja.j-o Ujj!li][ <jLi iSJ-iLJI S^lJI djjb ( r n Loai :<UaaVI 

.l^uiij SljiJI ^i <IjJI <ulc jjaj ^jJ 

I a.i -h j /j-j-II Jj LaJJ j^IjJLuoI c 3^-*-°- juj iijj*-* ^-l[ o*^' j > ' a .* (j-^^ 
C5>>j »7-5 JSLiJI ^ ^jli-o cjULUI £j><^ £l <Vj1 -(b^ ^iL* IIa Llijj-eu ^t 

I n l*t t\ tllJjj <l ^1" n J^-i-j CiLjlb!j&JI j-oj (j-o lj-»j-o ^jLi <<3LLJI JjIjj p-° 4jI 1^-* 

(^jl^° c5>^ r^f l^ «^yjjVI Laja. (ji <5LLJI (3j^* LaJj^j Ij-a .S^Lll Sjjlj>la 

^Lji «^Llll ^j"i f ii n .11 ^j .5-5 J'S m II ^ ola-aJI S ^jld-JI j-A ddi J^.lj 
SjJhUaJ Jj^j V .l*i$-Aj <d CiLjlyLo A iut\^j *P Cilj^lj-o 4j}15j <*i^-lj S (£j\Ju> 
SjJJ jAjjJjj-i iljLaco J^>1^ rJj-^J (SJ^ O^ *^i ^i <l — *^J^' '^-* LT* SfJ^ '" 
^iJI Cjlj^ld-aJI fji ShellS CjIIaIs <SUoJI CiLj" >nn j-ajj ^^k ^^JJ -U^JL»^J<I ^ 
< j i ii" (^^-Aj (^jjijJ^jVI <}j^J JLol^.V jSj-aJI 6j^1n CiLtj^ UJH** W™1 ^ ft "**" 



.<i^jLo jjit ujU-ujV tilJJj ^fundamental ^j ml ml l^L» <iLuM t^1 jl <diffuse ^ 
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AJ-A (> (i?1 (j-9 JLa.jJ V j IlA .^j^U)U l^ljl-a Ljlj, LtU^I jil^i LflJiU t(Zj$. J^a. <ijil*J 



«4ljft^ II» j rt InJI ^^uAj ^^ L^cL^jI tjiaJJ <l^ ^f^ 4-cljlu *±A ..kj-uaJL <5UaJI 



J^J 



<j!sLL Jjlj Lf lJI j^ CjU ni^ *^,*"** SIjjJIj ^jjjliJyi (jaj ^Lj (] *s II J r I a" H 



i*# 



.1 inS ^ i"* in a (Lua_jJbLLo 



.^^k.VI j 1^1*^11 iiilj^JI oljUI j.l m.! m ^1^ ^^i^j^Jli^JI SjJ <j-° u*^' a^j^SLuj 

cJjJLJ LjjV < J t<~>\\* ,11 6JJ& <U-uljJ ( _fl <£jJLlu l.1 ■% j (j^jJI <lij\pJl t_fljJLJ Jj^ *' 

rillai .iJU* J£ ^i L^JLLj} , T t^j ^^iJI cjUjjliJyi JJ£. aj ^j *<fjHI UjIj£.1 
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•J' 
»0 



tf 



$ 



I 



tf 



rE KTCDIM i ■ l l l I h 



m 2 <uj 




^ v* 






(jjjliiVI (5 J ((3-Jl^.jjJli^JI JL». ^JLS .<ll*jj-&j CjIjJ <SLU CjLj'i m n JlAlI Ij-A <j!jj .7~5 JSjJJI 
^ «I^IIa pj <^~ d CjUjIj-aJlj <<jjIjJI <SJaJ! ^ Sj-a Jjl <a.lj-a pi nVt P OUjIj-aJI ^[i <JI^^VI 

^ <5LLJI ^ cr l£.1 c»11aL j^jjj I1a .<*jIjJI <i»kJ1 ^ <^Lu ^inVi f oIjjIj-oJIj <<illiJI <i*UI 

(jjjjUj) ^jpjj^-ajij (t-iiiii ^jL*. j^ij (jj^ji) ^jjIaU (jsjiujjjSjyi o /v* 1 . 1 ^ uji'"" oy*-w 



AjJ-Lsii <(jji mi 41 1 (5j.UI JJ-a-JI jJ*j) 15 j ua-la I l (JjH\ JJjuII <jl£ lj[ 
Sj)1 «LLiiJa Cj^LjJjlIj f-Li-SJI Jjlj _ oljjJI 6jJt CjLjjjjl^JI i fl i^j L?J? * '" 

oLjjla-aJI JIj 4 ■> itri Lr lll cjULLJIj cAjj!j-<JI iL-^l^ _ JjU jjlj Iq \* 
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-luJI <ixl ua n SIjj <Jj -^jjlfl II ^.a 2 (£jiJI 6jjx ^aJI j *n\*Jl 



(j-LjjtjJlSJVI ^jl JjJLjj .J^a^j^A-^JJ j i ml m^/l <JLaJlj <S (£jlj-aJI fjn a *\ 
^ LLa ^^kl «JJ^jJI <la mil Cul£ LJj .S (5jlj-oJI JiiilOCCUpy !>l i iin 

SjLil L^J HDI Jv^ £A\) j^i\ L^U J£ j-aa^ JJj^^VI ^ LJ 

.SljJLll ^j^o I n (j tl^USV «LojlJLaJI (jrti * > J>^J £h> J-^iL* *((jlj-*L*^* SXaJj 

. j * iS t l (g Yn jJL-u^l O mil ' ^ *lS I 



f' J j* j I II *1>^I 'f J J*, * I II J-* *^ c^j^I AJJX t£^l f^^JLnJI j <*V\* H 
p^-^JI ,JJ a VI jjJLH-tu .oLjj^iiJi <iMij <JLL*^ (^j *cjIj^> £>Mj <Licl in^ 

J t mu (ji _ - jl" ••" V <<JLI uiiJ - g-Jal m" V <<5M1II CjUj^^VI AjJb .JjfcUI 

lu.Miio <> t!k Lsu c^i^ ^iii ioUi ^i .uji «uji i j s ^jij-Ji ijijA ? 

x^^j «Ul ^ < a Sfl I o *y\*~\ u-* L*J -^ cj-^b *<j^l c5^-^ tJ-^J-*-" l^fr-l 

<4T»^ imj i<2li£ ij^jb intrinsic j lj ini <L*jIj aji* r. ol n m. ^Mi tloj'^I^U 
Jii _ I *5 A mi aLIjIj Ij-Aj - a jjJl ^j_iJI (j-* Ijj » a ^jl I oSj .spin «LajjjJjj 

j^ <^"> LllS» rt.j ili.^tji:] ^ li^'ilj . 1 iA>l A t nal ^ II dJ^-J a i i m i (J^^' LT 3 OJLH-^i 

^j^ fjj^ <ojlJH1I spinning motion ^LujjlJI 3£j^JI JSLaj Olj f^j^JI 

4 j m' ^ ^_A ^1 j m II Iti-A < _fl ajjJjJI J /V*-i o' V> * 1^1 ^*^ .Ajj "fc n Jj-^. 
iijli <Uuoj-a^ 4 j t^aLk <-oJJ JiijIjljVI 4 "i II ^, (Jl J^aJ tJ^J- JJ^f o' UjL>^*^l 
icLuJl ^jjUt cjljJ J ALajL J^JJ Sk «LiSJ (l"tuti |>JJJJ J^iA-ft (*£fJ^* ?J'V^" ^*-l 

cxajJI J**^ ^ yr»JI *r*'jJI ul -3 ij-^ 1 *-^JJ u!- 5 f^ (>»J '■**" ^Ls OJ^^ ^ j^Je^' t>» 
■juVnll ISOtOpeS jjL^I ^n nn roLijjJjMAJI (j* ^fltt-^ft Ijljtl I4J <j£J *(i>Jl 
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V J (jljtJklU ^ rt inj Cj V J-*-Q-J rr n mj Vj .JjJLjaJI (jn4\j bLaJlVI tJ-U (j"^* j j) 

^L^j-iJI 1924 ^U «i^Lil ^111 <exclusion principle (*l *y»VI) J %r% .„VI 
i^LJc J^u ^illj ,W. Pauli (1958-1900) J!}IS ^UiJj £jLu^UI 

<j Htfl'l (jjjljjjl ^S {j\ljjj>&3 Sa-J Ijlj tlj^-lj Ijijlti^ ^ULiiu <jl ^j-AJjjI^Jl (j-0 JJ^V t>^QJ V 

Jj^U f<£,L-oJI U-Jjllt (j'jJ J $^-?^ fJ 1 -^ OJL>^l U^ '^l ^ «<^jlj-<JLj)) ^ylatjj 
<<j| .pL-AjI^JI a fl 41 ^1 j fl n II jJ& IdJ-oJI li-A .aLaJiVI Ij-A jn^it ^-Vl IjJj <jt 

«LljjJLj J-oL£ g' Ij-fl L4-JI *_« <Lx-Lt-a aI m -v VI (jj^ y y f * rl " A n <L*AjI 
^iai Ij^Jhj -(£>=^ *J^ ^Lij>^l j ^l^Vn ^ ^JJ <^ c£*2 ^ §J^ CiLjjjiiJli 

^Lfl <((6j*UI)) UA j .1*131 *t 4 3 U *l A <— i SjX.I ±J ft j mVt" CjLjjjJJS IV I 4JJ^ ^j-fi A-C_>-ll 

ajjJjJI ^—&iji I^Li f/^j^H£JVI AjjdlL! (jl"j "»l "d (jH^j*** <Llj Uj^j jAl a i h^ 
oLki^Jlj JU?JI J^j <(JUJ ^K-ui g^AA _ SjLJI J£ OjL^I ^jjaUVI 

«GjfLo f^JLt^sJI <jL1Lj j a t**** ** o 4 A. U 1 J| CUj^nJj - Jj^jj-a j-A La (JS3 cC^l^liulj 
.iijjJLll I"» ma ■" jju-a^ft j-A A_ijJ*lll .<LoL^ <jjuauii 6Jla fjjb 

jl rif.VI ^ (jjKja ^ j K <iLla ^jI I4J ^^iJI cjLjIj-JI ^i L^jjJjj ^LhIL 

(^jlj^aJI lj_Aj .JjVI S ^jIj^JI J$ t mj t^^JLH^! Jj^ 6i -^ « .*" "'V) ^^-l-o 

iJUJi c jj l >iiJyi ^Li lil .p^^Li ^_^J ^i t>j i^j^pUJ ti Jt (jVI c^j^e 



dj ^^ ,H,,„ ? ^J oLij^J^U (jkjl £jljJI t UjiVI 6M «6UJSVI o-i^ U^ <^-^ IjI (8) 

''j*'** " * * 

^jjli^IjuJI 6L^JVLj 1(3 ft irVtj <<£.LlJI 1-jjLac o'jJ j & ^^^ JJ^ CjLjjjj^JVI < i i/-»*i jjLi <<ii]LaJI 

.J^-*^t *_iLua c$j\j ^lijjl «±11 (ji^J Ijj <<cLJ1 ^-jjlftt obj^ 
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Si j mi 5*i <SLUI <ajjVI cjCjIoJI a tft^l ^L Lak. <M»i J* itu 

J^-iJ JjLj-aJI ^-jLj^ill J^-Ulil < n fl ^ n «4-L-aa.» <-&-"* ^1 Vj^aj AjLjI 11*1131 j 

■g *» ** 

diLLol i-ij&j-ljj ^jJaLulJI ^j-o Ijl^ I i A K Lc^ «u j n~» "i 't t^iJI) « Jl * ? H» 

.(7-5 J<m,II ^ <j>iaa ^A L£) ^1 <5lL olj <^L ^ jJLj <l*»1 j^jnll 

JLi3 l^iL olij^VI j>u^ lu<ojj .^kVI <5UJI Ij ^Ul s ^jlaJI JiJiu 

*Ujj£ LIS J*S itu^ Sl^lll ^a <jj>i La-Al.i^.1 <j£j-aJI " *^" a ^jjjjjLjji ^j*""fl>L 

.(8-5 JiAJI) jdlJI S^-iS Jla Ifj <k^ o c5>=^^lj 




>kjj&}[ j^jj .^jAJdl Sjj ^J JA*; .8-5 jiAJi 



jbUjLj Inj^Tkj j*-3k.^>' 
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^jla^JI «beryllium aj-iL^JI ^ (4 £jaJI ajj^ ^Ul) ^LJI 

fjA^ c^j^' ujj^V LfJl f "=> V <$ ojj^V '^ o^j <^L^* f\*A^' 
^Ul «boron (jj^j-JI <(j" ol ^ II j .n 'n II dJj jj-» ^jL .^LHI s (^Jj-JI ^ 

ajV IjJ <<j^-° lt^-*-" s ^j'^- -" •^Aji>^4 ^ ■" * ^ cg j> -^ jj ^ ciS^-" &^^ 

Ij-A ^j^lujj <<Lj}LjJI p cAJjjIj-a-H (j" -0 ^"^-'j c*-^ J -V-tj (jl j" nl -% II ^jjj " 's IMJ 

.p cX*J±* £}l!i JUa ^jj «gV <<LJLlJI j m^ II j_^Ll»JI Lr U j mi; A M£JI 

( j^Jij < S 1 1 fl IjJ .«O-uj ,-J| J-i-aj CjIjji^H^JVI ^>-o JAC *l>*l CjIjjIx<JI 6Jl4 jjJJLojj 
^jLJj^jSJI j^^jj ^(jLjj^jjiJl <Lti a j) J (j II t-ji£j 4j t i<i (-1^.1 J t^jifl (cjIjjljjSJJ *G-uuJ 

^t energetically l^3LL> y m-»" ..mil ^ «g! ^Lj^pUVI <jlla j^ <<iJ ^ * II 

^jC Lo-A^LaJ ^yj ,.S i % \ dllijl ^jLj^j La^jV <Sj mi 'S II (jja (jjSh'S o p (jf^jlj-a M» miJ 

<(cA^h£J1 <-GUS) Q J? n . < VI dJj^j .p ^JjuJI ^ >J oi>^l (^Ajih^I 
.(ol^pSJI 6 > *Si£.) neon cJ±^j <(^jj&}\ <*-uZ} fluorine jjMj 

^_Lc („ t ^jj <4*jl n 6 j m i j 1 1 4~\ mi II p CjUjIj-oJI A-f a^ <j1 (£JJ <(J^' LT*^" 

^vi ^jUi ^Jj-ji jjl^ j (1 1 ^jj-u^jj ^jjji jo*ji) jui dipuyi 

<aj m s I II SjJ <L*j-lj 4 fl i ^ mi a^j Jj i ^ II Sjj 4_iAj ^jI *J^' S t£j'J-* J-*J '^yJ"J' 

.vJSJL 
unreactive (J-aU.) ^-^ ^ jLt fjjlflll o^ ifl^-« ^l I ^j <^^ tl^j 

K' -'i 

<£j-=*. cJa Sj-j-^j Sjj ^j-o L-flJj-o jUlJI {) <j]\ monatomic S^UI ^jL^Ij 

^jLa.lj JaU. ^a.1 jU. ^Aj 'UJ^' lt'I J- 1 -^ '<£j^ J « ^ l.J f - <^L«j *^J •(*>*■ 
S^tj 1 \ j a H f£j Mtl j a ^jj-ilJI j-«-jj 'l^-A .c»Lij>l^Jyi ^ J a"K o c^^Lc <J 6jjJI 
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^jjLj - j i^il j f <Lj_jL<JLj aj j 'j j 1 II ixj _ (jVlj .J fi >^ a t-fliLc rjL»> h) J ^J 

jj-o LjIj^»c Ul^j Ciinjl SjLJI <j! ojIj IIaj «ji^IwII periodicity <Ujjj j^ 

cjU m l^jLuar-V <families oi^Lc 1 p V\ I < a A» i ^ I p .A^i J «^S'ull *t iAr VI 

'i 'i ^ i 'i 



SjdJI ^^ii ^ rj^iJI <JAJ 'S"^ g-^ljJI U>^' C5^i *4>*-" 6-° ^ ^^ <<Jrf&LaJI 
ij^aJLll JJJJ L^-jjSJ tj-Lu£. *_-luIjJI (jjiJI (jj^i ^*Aj 'TTjLaJI (j-o j-t-aLljiJI <jjjJ 

iijjji-o j^il aJ I o a I (iiijjtjJI JJ5 ilojVI <^i lijijJ»-o ol^ I d '**** £$ £*j -60 

«(jjftjttjll iij^JUi CajIS «^^J t 't H j <Cu - >j£JIj <jLJuXaJlj < t j L £JjSJli .jj-oLk. L^Aj-o^j 

fril _.«_.< II J>1^ <^Ll* yi SjJjJI «R. Boyle (1691-1627) J^i o^jj 
<? m* rt ?Uj mi>j <jjldJ *l m^l ^ <The sceptical chymist (1661) «iK .t,*; rt II 

(^j^J CjH^'J ^iaJjLk 5l o m aji a! m^ ^(l dLL» ,J£ OLi^S-6 /«-Aj <1 <A^ 1 L| iA» i 
^jl^iajl <j p-Li < I itl 1 1 rt f J iA$l *GSJ t U d lu| J-S <j 10I i^ JJ t, fl \j-»-j **_ajj 
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^j-ij-il <jSJ (L^JLilaJll (jjj^l 4j4*^ ^-"^ La*^^- '() 'ifl j ul n i jlin ml jl*i (£j-^> JJ3j 

6J-A 4JX. iuU-aJI ^JujJuJI Jtl tjj . L* K ( j-klIaL^. LjL£ (SjIjj^JIj frj (Ali) L^Jua 

I^llJI <j-<ai]L S^iLa <3j^)Lj j i *-***» II <ui <-fl>«^ ^1 <<ajIj\^H il^kJI 

aLc) H. Brand j-jI>j d j) j a i a m"<l La, a "> r Lj^ iIajjl^JI j i^uJI Ijj 

jJ -ojL>2 Jljia ^f^ J "*"P Jjl J-^ C£^' <JJ^ nifrll i>jj±jaL& £y& Ol^jSj 1669 

<(jS*V»J jA ***** Lg-lJL2hJ '{^J UJ t 11 J^jJL* lpj*l n ft l^pJ (j J Mi A^ f n ^ *&& .<GJ-»jJO 

J^dUi^l ' > ■ ■■ j H ^A mj j-«A AJ <Ij"m^p L»-^'j jL*^ tjl (_^J[ LAl^la n (j-lij 'di J j 

(lIjj&LU a^^ ,,.ll (SjLaJI 6J-4 .retort <JLjjla ^J jL^aJI ^ ^>j «J-O-B j--a 

(JJaVI /c-1^ 'j! «c^J-*-" «La^ili-aJ 4 I j mj Oj Mfl aj (j-oj «P-lj^JI <_pi uu^ ft^J 

<llij Jjl ojL£ «j-il^j 6J^LjI ^iJI ^Ij^-VI (f* JLaJI j-a Ll^j .jt-jj-!l ^Wl 

u-flL-ki ^Lll SjljjaJI ^ <l4j >B aij ^^jJI j^uaLaJI ^^ CjL^j-<JI J J I "fc 'i I C*U^" ml 

SjIjl^JI J J fl \ fjj-\ m'sSU ^J^LaJI iil im*;<^L1 cJJjj «Lij-^j J ftil \ m* i LiLi^lj 

.JjjjJI Jj.m<t (_j.Lt iilkJl 

^-oj ^<Li£,r« <^|| Sj^ajJI ^Jai Sj-iJ m Sjl^^ LT^ Jj) '*^^ B t— *J*-uaJI ^tt ^l^ 

J Jjj *^jl *^ oi mi^r JLajiILtuL ^ii A mJI ^-o L^cI^jjI cwai ^^nJI <3}LiJI jl^iVI 
c* l', n" La j i A \c, ^l jlj^aJI JjK't ^J ^ j I ^1 » H c5 J ^ ^H 0l *°J Sjjj^ SIjI 
J ft t",nl jii IJiAj .^aL^iJI jllJI ^i^j voltaic cell ^JU^UI jjUII ^Iji^L 

** *• "j ^ ^ 
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^i Jl£ L±jfr p^ J* <J> *^jj&y\ H. Davy (1829-1778) ^j <sJ^ 
^L^SJI JjU-ll ik^J^j ^^L^JI ^1 „-,■<! ^i _ 1 807 f U ^ JjVI 

^jL^SJI (JjlL^jJI <iln ml^j a^jJj irtll aj <jfl «n'iflll (aj)J iiiIj^aJI CjIj^J) ^Lj^jJJ 
Ji ttfjLoJt* J)j5 "' 'lT^ J t^>^ J^ ^^ -5j t^loJ l (^jjJ^aJI cAjjjj£) Ijj^uaU 
,-fljJ d a .fr,"<l La f jn^ n <jl^J ,<jl ni*i^f 4 -% jTt (( 4 ^ () J II <Gj-a£j (J^aij» (^ji ft A 

'.%? * "*\jij"* '" y J 4i * A V J * mJlSJl <aj) i niGjbAjI < a^j>Jji « «-t 'n j < nl 'i r 4* m 

Jjl^'H <3j.*^" 'ti^J^I ^J^W ^<L'.* '" CT^' "^ i*m^VI <^J-a (j\j liA .(ajjjLJI 

J j U ■> ^jjjljJj o mu ^1 J uaJ j MaLlaJI jjx. ojlj <electrolysis ^Lj o < II 
J. Berzelius ^^-Jjj^ >j>»> ^a^j^JI ^jU^aUI >J m"<l aij .1818 ^Lt 
«selenium ^jj_lJJJI <cerium ^.j-ij j m II) j i^Ur. <5il5 j m S< (1848-1779) 

Cxj\£ tg^J '(jj^Jlj La J n" f I /c^J' j <*^l la II jj-oj JJ»-ajuujIj «thoriUfTI aajj^jJI 

<ajJ5j <Lx,LJq Laj^Lo ^*- ^*jl^j «alchemy 4 n j j S II pIj^^II ^ ^li J : i-^ 
Ce J!u <aLaVI 6»1a ^-i I o Lojlj m\ ^^IJI ^^j* <<uiax <4^^J 'jj-°j 'U-^ L^^ 
Ij_a ^j-° jM "» > ^jM^Lllj (jJ* 1 3 M jJSj» »aj-ajj 1 1 1 I h <aj) t 't 1 1 1 ih 1 1 oG <a^_)j i ih 1 1 
«CLaJhlj Lo-A^jl <^j m if.LoJ (j t"" N m t („i i i^>ij <4 I «r JL^-a ._i A /i-%VI J^.t" 11 

^j^j (jt Jjlj V[ jigSaW r jl rt j II *-L5 jl m 'm J-o-t ^^i ^ 4"t ■_■« uaJI J-o 

(ji j^JaJL jl^-JI cjL-isLk ^ ^^j^ Jj^ Ijj ^J .f-laiJI (>* Ifil^ Ij^£. J-"-^ 

^ ^ >n*i ^1 Ifr j J nft < hjll (jj^*! in jLj-o Lodlc j < tif ^ ml "t 11 ^jjAjI <j-a OLiljj m^ll 

--« " J «< . 'L * 

ij \r\\%\\ 4-iCjAJI CtLi-^aLkJI LoJblj.^.1 t jl Ju j a 11 Ij^J ^1" o m. <L&j ^jl£ .Lljj^j 

9 ljiJ ^-oiJI J«LjJI ^ oJillHj .L^^ Lsl JftJ <ll iU^LLLVIj il^LiiJIj 
J. Dobereiner (1849- ^Ij^_±jjj 6^^ ob '^ *^j^-" W-^'jjU *j-*-=>Lj-«-JI 
<g£J f^ujIj-JI ^ liaJI jJii jjj <(s^jL ^\ fj\£ ^Ul Jena \1^ ^ 1780) 

e •* S ** ** " 

)Ls»H jli .^j'n mi II ^jjjLa ^jjj aU lujI jUjI Jl ^al <Lo o^ ^1 L»j^ I^j -■ t^^y 
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tjjj i /vi * ll ^jJlJjJJ) (Jj*JJiJJ' J<A*-a (j -0 *— t*J^ J i rtl 'i t B 6JLA Jj-o ^^W ii?J^' UJJ"^ 

bromine *.jjjJIj chlorine jj K II j ,^1'ir ^1 ^JIIJI Jjj «n j^^j .^jjjtfl 
t^^iJL 127 <80 <35 ^ <jjHI U-^ljJlj <llsij«j< 4«;! .t." n iodine j^-JIj 



«oLjlj^LUI *jj& <j-° y^-* lt^ -Ht*>>^J J jit ^j -(81 j-A 127 j 35 jA*-a) 



'i- ^ 



.tapestry Li£jj^ L^ * ■■■* <L> <.n ml < J^ m" <j io1.i<II ^jt SjSLi oL*iu Lia (j-oj 

j* " ^ 

^_J Oflfl Mil ^3Jl Olj 1^1^ Ml H *A A ,f> 1 AjjUI J I Al 4 H 1,1 lll't jl <f.t<"V nl IJ^J J „MOfl A 

6^CJ Lju j J -n » j^)^ .CiVjL^-oJI V n-jlUll ^^Jfc ^'iftOj La jj^I <jV <<LjJ-ajJI AJJfc 

J. ^^ujjV^-ii (jj^- ' ft L?* «r" j "i nll ,-J! i^i^i i" 4 A f\c ,_$, vj^fl mi tjj*iJi (j-° O-^ 1 ' 
Jl* ,^l£ aij <<1JLLJ _ ^3^! ih^ 1 * J^ j*j «Newlands (1898-1837) 

<(jjij mihJIj <jJLjJI ,-i J'J*-* ^*J <4"il» t> ^jjLc <j^»jJ5 j ml a^ j * hmj (jjjl^^l^ 

.Red Shirts j-q^JI ^L-a^aUI Sj-0 ^jJLajLi. «_a ^jl^jl <ulLu^ ^J J-^j^ 
oSj fjr jj-qjU Ijjoa. Lijid > 4,.mV\lj J^IKjJ ^jJI <ilj^1 jU, <<ia_A Jjj*^"» j*jj 

tf Ji ' * 

j liol'it II iujJ LojJiC <al O^-j I J*S A j .J5VI (^plt j ij 4 'N ,11 j uollxll ctLIjj t<jj-\f\n 

JS oxj jj^jj olj r^.1^,11 (jjj 0I4J m u II ^Li <<fjiJl I44' j J^ 9^'JhJ I^j <if-iaJI 

jl^^JI Ijjfc L^j ^j ,^l Jl d*lo^?iU j^ ^£ Jalj^ml ^Jj .(^Vl dU3 
<iK jij Jaw of octaves «oLaLkUI (j^U» 6LLluj ^^JLj^ujaII aJ-ZJI oLo^Uij 

I p ij iti r>i5l 4jV <j-o j > mij «_jj j[ «LJLc Lj-aj ^-oJb^Jlj (yj^iJI <ul m i II Ij-A 
1 v » i j T) j-uSiLbui '_ 1 *"j" JL?*"^ *^*' OjL>^' C^'jJ <<ijl »^ n ^jlS LajJiJ ^ Iriti II Ij-u^ft 



Sj^ t a II j uol \%\\ olj i^il 'n II 6a.fi .«LoJlS 1 oja 3^=^ ^-^ u^ ««ilJi f-« j 

i r \ t mi £l ^j^ 1^ J » } Lh^-I <^ ^J ioj^oJI a I mi II ^^.i oLa^LaJI Ji-ft iL«_fl j ^ ^ j " 
jLaa^l j^o ^JJ J JJ^J J uall* H CiljJ h^j ^Li flajljj ^J-^ L*^-fl - ^5j ii i j^o 
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iTn m ni J) lift J!U £j±] .JljOa. (j-* ^^j'^- -" Ja-*i r<ij-aJ f'^'j fijlaJjJI CjUjUI 
^ SdtLui-JI Lf i£. Ojji ^1 jl f Jj>1d £l»<" m n cJj ^1 i^L=^ 6^ tL>^ 

J <jJl± ol_>J jl <j^£ j^V ^JL—VI £VI jh^j <Mendeleev (1907-1834) 

bS\ m 4-olj < Jj j ^ 1 1 Ij^l-J 6^j! (jl^J .jjl i r» ftll J-a>V LS-flj <Xfl-la ^>-it <■« J '" 
i-o^AJ tli-o j- jjjJI CjIjLoI «Lilc Ctj^Ja t£tUI LajVjI jJLi^oI «LijLfl <LI \ % \ QCj 
ri^LaJI pL-a^l ^ <jla^ > , \\ fc * ftjjh'ift «Ui Ijj 45UI CaJSjJI Jj-La^j .6jLflli1 

ji iijjji-JI j ,nl"i»ll i^ ^l£ <(pljnj<1l c^jLl^) Osnovy Khimii 6U^J ^Ul 

* - *" ■" -* 

jlj-aJI t^j-ijjj <l3L>^L ^^-i u l-%"i"t «<lK m n cojLSj .jj" <r>j Ij-a.Ij * 1 1 j I j-ajj! 

<jl£^> <jljj LlA liA ^yi lll Jj V J «<jl^>S j^JI a-% ■ 11 1 n ^5Jal« ljj1«Aj I {j nj„U"l 

^ - ^ 

.<JLxlaJI ^JjC Sjjn 1 I^jI jJlij iLjJo 

"^JJ <f^U Jl^l° ^j"^" 'A^-?" J"^ £y^ *. fljjJj^o (jl ,^-A Ajjt 1 nll <->K^ II 

i.ilf <<.i>1 II <j Jn ml Lol11£.j < j i r>l*i 1 1 1 ^3U*in u-a-pjJ ^JJ J~»*ojIL]l 4jAj <ft_ijLiul 

Vja* f-Li-JI y_«» tf bj < (10) 1869 r U LLi-i/LUJi 17 ^ J-Ul» <u±c 

Lo 6 j mi! < f> Ci ilS CiH^j" *'" LojJif.^ . t— >j) I U n II j) ^ \\\ te±£' j-j-oLIjuI 4_ii O-Cj^l 
^1 <jlS"V II 6dA ^j-o a mfl (_^J^)-»J .(9-5 J N mil A «jj^il ch* ^-*la5 /«-^ 4-> "*^^ 

.I4J ( T i* lj I (^^IaJI (JjjJI dh° J7™ or^ rj^ ttr> " I o }£j±* j 1 ol J » II pI n ml <jll^ 

Ci mjl L^jiI J^Jf (j^J .4-», 1^ r^> L^jil <jK^> II i*ll" 1 IjJUo-uj ^j-o-a Jjjjju^ fjia JjBij 

.<f<j<5's II ^jjt Ijliaj VIj^. jJjj uj»,I,II jjj ^Jc 
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«WJ Pwa 1,141 Phml MM Pwe. «tanjEWt» 7,0*4 Pk». 
Dmo vurdm TMlaht 3,888 Pnw. McU, •)■» l»W*t dte Diflferei» 
. Ataiywa etwm XI Pk» *«*"• «taat*, daM dtese DWmmt toBOAe- 

I «MMHSSWtiOB* dMrHafalprota. «lehe ooch dia KU* entbWt, stimmte 
* — iiberttn «ah <ter de» pu>*eo Kwmi a wvnte geTumJwj 

10,141 






StUhT &M1& FteOiCO HgO KO R*0 FO. 

A»che I^U, wotfe t^U U«6 14,781 31,688 0,104 40,120— 103,141. 

Dftgegn hatte «JnMefel &» gmaumKanm, *m Wfttefeaa, ia Proe. Ktote 

S/ Wuw 14U4S 

s ~_~ Jbfita FerffcCaO KgO KO H«0 POt 

f' Atebe 1,«*, wwto l JS8 M» «M» «,*M 1,878 4ts,T@i - ITO.WS. 
(Abb. Cb Ptara. 148, 943.) 



w&fs *»*Je«<s Ekweste «rtWta», wiedsr ueh swnMeh»**id«w Atomg*- 
wtefet SWswdw*, m «ridUl B» fcjgewte ZiuwwwtttiteBti»»;, w» «tar •»<* 
tfatgc *%ea*is«i» FeJftjerusge» ilWt#a hara. 

Tl-M Z»- 90 T — 180 

V — SI Nb — M lfc— 18J 
Cr — » Ho— M W — 186 
Mu — Ui Bb— 1W,4 Vt—mA 
F» — M Bu -1*4,4 k- 188 
Nl-Ca — H Pd-IM.fi Oi — 198 
11-1 Oa-W,4 Ar — UK Hr -W» 

Be- M Mfi-2* Zn-M.S CM-1IS 
B— tl Al — 37.4 T — 68 Or— il« An-19T7 
C-lJ SI-BS ?-10 flu— HB _ 

M— 14 P-»l A*»-76 Sb— 122 BI — J10T 

0-16 8 — 31 Be-TM Te — 128T 

F-18 Cl — S5.S Br*»60 J— 127 

U-7IU-83 R—» Eb-SM Ci-13J Tl — 304 

Cft.^10 Sr-S7^ Ba — 137 Pb — J«7 

T— 46 Ce-W 

TBf— &» U — 9* 

TVt — » 'Di—dS 

Tfe—TMJ Th — il«T 

i.'. t Ote imm* «tor Grttaw d» Atoaifewiekt» zwrdaetea 

|pM> «iift&w«lM AfctadsrsBf b den Ei^n^WU* 



AlK E»*»enti «ud bis w «w» g*wi»*ri> Gnwie &r V«t**ied«8bdt S» 

Iti^i^hf n Vcriaitm, t. B. U, B«, B, C. N, 0. F. 

""^ 4. Ck fa derNtiw vwbmtetiUHi£k»este batal *fa*rAtougwiahu 



(frlj/n<ll «Ha *) Zeitschrift fur chemie <i^-JI ^i SjjIjJI ?^4,^11 J^aVI JjIs Sjj^-a .9-5 JiiiJI 



*j-LuuLj La-o j-^uaU-aJ! « n ^ ^Ul «periodic table (JjjjJI Jjj-aJI 
Ll*JI u i'^jLJ ?"< i m i II (jIjjVI Joi" ml jij .ae-*- 6 genealogical 

IXaj) dLj-Aj LlA JjXaJI ^ ^ iol 'n II 






eJ 



6jJ <^i t 11 ^1 SjLc c-i 

iProcrustes j.»3 '°*6^jl>j i d <1 -' ^1 «ll^^UL l^i, ^i^ jojj «uU ^L^JI 

^J^L Ja^J ^ l o^^'Sj jl 6LU-4-0 J^j! dAJ (j^ lt^'j^ (S^-^-i o^ J^J 

*Ixwjlll ' LJalo JiLij 13J <<j\£a J^ ^ ^L-cuill «uLiuJI rij^jJ LuM* ^ii 
ij^JI ojj-" C$ c^-^ lo ^'j-^V ^^ 6^ u*^' ^>»-^ o^^j -^-^H^ j'-^-'j 
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3-flj <_*-* j i «^ri t II i.i t1j3J 4JL»jis J-tAiLfl :j_<-oLlxj| i.i i1j3J jl \% t\ J iAfl| ^j-u-J 

^jl dJ_i .<LLftJ_o olj^-S <Lusui) <4-a^ 0<-^ .<jlS La/i t j ^jjJI JJJtJl «„, ij\)3 LoLa3 

4 ^*J ^.* <gLj Lailj <jL£ t La-j b j o j>V 'L 1 . 1 * ?jl o^ <JLaJI fi»j-A ^ J^aJI 
cJ j «ViLk Cf lc interpolation ^UloJI ^1^13 .nVI ojjkl.» <gj Ul J Jj.\-> H 

.Jji_» t a .Vl<1 *J "Jjl j noLiJtJI oLi-uaLaj I \ ajlj ^jl <<JijjJLaJI SjjLa-aJI j i/^il'in II 

eka- ajj'i ftjJVI bL-jil LaI a ml ^JLll j t ^\ \ * II ol j t A \ ij jj-^jj 14-^3 liJ 
c*5j ^i j iA\%\\ aiA oimVsl jjj <eka-silicon g^jlmH &L^1j aluminium 
jjilll (^LJVI Jl5 ^j «gallium ^jjJI£ La^o^ujI <jj.HI ^jj mjjAJI Jjj ^ 3^ 
Lajj jl LAjI pLLaJ y^jl ^-SJ * ^ij'ijjJL «germanium ^jajLaj^ Laj^ ml 
^pJI JL^SU < /t U II SjIjVI Jj**j-> 6^Jj «j-SI^JI (^-5 ^>^j U-l u^tf H j "">!"* y 

dil3 a Iri» /t ,, ml 13 t£j-^> *■*-*-* <4 I if>i\ <L3j"t» o CkJtS /c3-"J "' ^JJ '"* ** A * LJL i *-*■*' 

.4k^VI 

.JjiaJI jJaJco j^i plj-% iJ A>^J *^J <j i^il\f 110 <jI>5 <jVl uJ^Aj £>^3 

JLa£j (jjj «110 ^l 1 jj-o <-ujiLuuj jo*j3 S?j^ jIjcVI <jl d-u^l <«-fl>*3 lpAj 

113 j 1^*1 n II ^Ij Lalt <l^-iC (±xjJ^JI ^Ijlji jJt j n m n jjjL53JI 6dA ^jil <114 
<lj^ iiii^ Q .^jjjJI JjOaJJ «iiAjjUVI» ijLfjJI ^j-A 6J-A .Jaj «Ult ^iij aJ 
.ijioJiJI iiAAVI (j- Ji^^ *^i o^^J ^ L^^J** (% ^ f' *^i J^J '-°'^ c ' ^Sjj 

jli ^^>3 La£j .10-5 Ji^iJI ^ 5f-" tkjj^-H Jj^> U i\>^ II J< mil 
«LaLjuII yl n lu II ^iJ <<-a.jJ 90 LAj^JS ijjlj-j ' La-j Ia3l * '-*,»"j" >fj^3 c5j-?- 

«grOUpS lj_aj (ijJj^tLjJI) 3 j ...IjJI Sj-a-cVI ^ ft .i.J .SJj)^ mi ^^ <Jftia^^J 



6jLla.l Lajj t£JJI x-uiVI >A ^jjJLc jjl «-*i rlj^Aj .4 m mi CijI^ ^yjJI <C*LiLtjJ1 cj^J-J CiiiUl 

«pL^jUIj ^aJAj 4jllal^o jja-^ ^ 5aij Frangois Lecoq de Boisbaudran ^ui^iJI «LLisl* 
.4lfcj^j Ll^ila tjl^ 6jXlo (2,U ^ (>j ( cock rdUail t^^Jl ^i\ j* gallus gallus ^U 
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^t liLLi ^j <j .^l'tf 4ju*Aj gj^M LlA JjjI V f(ijjlH JjviaJJ Jj-LaJI J^AJI .10-5 Ji-uJI 



£ -^j a5j .periods IJjj! 4-*IiVl ^U-u*Vlj <groups l^ej i^S^-aJI <j^«1jJ1 SxaxVI u n hu .(LiL^.1 
^jIjlJI otj ilal a (j-u «^.jlaj oll^.U L$J j i^I'ir, ^j <rnetalloids (jjbu&JI &U-^1 ^1 Js-^IaJI 



2 ^jjjJI (j^i ^AMirt ^V^ oUjUj JIjjLj .periods IjIjjI «uliVI ^^Io-ujVIj 
a i.i i II ^1 Sjj-^-j-cJI 3-<-oLl»JI fj\ .«LLftJ ^J non-metals ^jLjl-a^UIj «j^oJI 

iJUHl (JjLjL-a ^ c(Pt) ^MJIj (Fe) ±JJL=J\ Jl* <Jj^UI £jiji (i^J-«JI 
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fjjjj^uJI Jlo <^ iikliiJI ^jLlaJI (jjj SflSiil Jl<^ t^V <transition metals 
Jlo gj'Ki iikUl J5VI (jjLa-JI ^j *Jj^l jL^j (ji (Ca) fjjmJl^Jlj (Na) 
i\x** 3^5jJI f -'^ oli '^-* Jj A ? ^ 6^? cr* (Pk) (j^LuojJlj (Sn) ^jd-^aUI 

<^ ..J mVI Jja^JI ^ Jj t<*\ II Ljj-iJI IIa JL^jI ^-^j <<JLijbJI ^j .^JJJjJI 

JLSIjVI (jjLa-aj .<Ux-ua «GtLiL jdij aj cJ^J <l^-?* ^d^ Jj" 1 -?^ J*?-' liA <j£J 
£jXsl\ {jjlj CajLSj <<UjL-a-i£J1 I (j jL n-il A. ^ I J *J rt-> l^a. < (j *l >m" r> ^-LLljJI 

I 'r 1'iL ,^l .-tl^f "lll Jali j f/art» 11 (iitj ( j J a ^jtj^ - '^> f^J-^'JtJ- 1 -" 
(jl ^ rtjVi m ^jjjIjjJI (jl (j-fl (jJ-Lol <££j^l J "" >! **** (£J* 3-^jJ J """ f C?^ «JAS 

t^jJlj <L5MU 5j^"i iii n ^c ^^jJU <«ilJj «--oj -(^-V Lo^tul Uij aJ ^*UI) 112 

-» ^ a i. 

o ^ 

( -A J A 1 J Jl - j i^>l\t II iZi\ J ir^il ^ ^joAJj J^-fl .A-^-JJU *J j fl * fhJbl C^JJ^-II J J > ^ II 

(LajLLjI JJLo (oljjJI ol j i%1 ^ ^jJ j j i " II j <l o3^***n Ji-o <<^Lj-iiJI I o"t1j '^>l ^ 
cjIjjJI ^-o L^-jjSi ^Jl -^'ju-" h^J ^^^ J-*-° ^^ t^^H 1^*1 * .'^1'^ ^_s j j t jJl j 

ctlLaj j-uao£. ^jl^ lj| La (£j± (j\ I *\ \"\ a j <<jljjjuj SjJaijj ./11-5 J^ uilH ^jAVI 
Ifl^'tn Lo p^ ml jil <(0-ij-jSJlj ^jJJua 2 j! <( J i„\ ^ 11 j ^jJjuoJ 5 j i n o 11 oLkJ^sLaJI 
C>lj iVil -% *l h -\ jLo-i j m'nl j \ P \\ i a iS II CjI i li^tl ~% II ^-2^3 I *> 1S a *j (wAj * '" J 
J^Lll <Lua^Lkj .jIjjVI ^ J^ ^°J-" U -0 <*i,>A-<J1 CjLcJjJI ^ j ^ Jj II j (<jI^l^ 
6^ <Jj| < j-t*a1 J n II ■"*' * '-"*' 2h I ' » «I ** *"*« ■■■! ^>-a> aji x *° * j *^"^ ^ (j£jJh*J' Jjt ^"^ l' (j' 

^oll «^^L-aVI c?jj^' Jj^^' u^ 6^ ^-° QtJ^ <iLui-o L*la5 j5j .Sjjj^ SjJ^ 
• Ipj 1 ".* t^^* c*-* Lpj^ .p-LJIj pI^JIj jliJIj v'->^' cs>=^ 
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CjIjUI ji-u*] .ciljUI jLL5t uli* jj £j_i-all)JI cjlj-uaLi. <jjjj kU^ oli lift £-^»jj .11-5 JSuJdl 
^ i» j «. 'i 

*-jjjJ O " J >>-.a" .(g^mjll LutjJI <JjljJI u-* ^f>* Oljj-ll ,>^*J .^'ifljJl I j J L aJ I «LjjIjJI £y* ^-^S* 

$ " J * 1 

.(1*1.1*1 SjU ^ Jitt luljjl jjc JU) ^SL^JI Cll^Lk, ,(<itKJI 



<jSj aJj <CjIjJJI i c^- i U^ '\j m <*-ij-*-J <j"*f f^ *^t?s>^ ^J^^ (-^jjU'ift * **■% jU 
Jja>j-o jj <n*tll ld*_fl <<jVI Lal (JjJl^JI 4jlt /y^J C?<iJI (juLuuSU j j iri" £l <*llnj 
CjLj^ inft *(Ji CjLcLij2 t fl irnj j-A (5jjjJI Jj 1 ^-!' (j' t^^ v-fljJU ^j^ *ifi . Ljj^-J 

.7-5 J£ mil ^i ^x« ^a LS <ciljoiJ iSLUI 

<J <nQ H <LIjlj ,-i 4jjjjJI Jj-xol <jX. Jtjj-ll «L»-ij--lu Sjj-uo GjJJ C^JjSZ 

a j j* j 1 11 (j^-»J '**-4-?*- (j- U^-^J AJ J I (j 11 <j-i^ Cil (j tl i m "i II I \lr>^V LftJjX. tJJjj 

m o J i tri n Lfl-jijjj ijjijjSijyi ^j-^ii <jS l^j^j *<jj-=^ ^-^ ch» fj^jj-^'j 

1$_l£ J» itu CjIjJ ajpJj i^illj a jj* 1 1 1 j i A \rT\Sn CjUuL Cilj CjIjJ ^jJjAjJIj AjjJ^JJi 
,<K JjAaJI J-t^t (^-A Sjj-t^aJI 6JJ& .iLoj^o <1j1» £J^ ^ ^j'*^ ^^J UJLH^l 
ijJjlLaJI £jill JdJtJI jLlu-o J^a (^j-1^ t£j^ (J-'l *J^ L^° J^T**» LajLAA-fl <lj£j&j 
^^jJl cAjjjS^JVI JJx. jljjj aj (j-°J flj^lj (5JJ-1I JJjJI iifjJ 6jU^ Jj^ ^jLfl 

J, ^ 5 *" 

^Ul ^l^JI Q^ JfjUI <$?jlj-JI J^J^ '(^iL^I 6j> 1 ^ j 1 J^j -^j^l v^f 

JJLtiu V I ^jAt (j^-V C^^'j ^Lf^J^ 4a iAj (^J-ll jl t m m^fl }Jj-« Cil \ 1 U" a 3^^ * 
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I_AJJ£. J-t-a-i cAjJ^)J^j[ ^'j-^ S (gj\±* A-jluJJJ .S ^jIjLaJI I fl kfl J t iVt (jp-^' *^-" 
^ d^Jji -Jj^JI <>° *>?^ l^ ^ uA>*J J J^J t* f? ""J li*J 'U*^' cr'l 
Of-^ LT^J •cjLajI 2 Sj-ajJI ^ J^JJJ f^J^JI (^J ±sJj ^jj^J\ 1 SjV>JI 
CjLjijj"\S IV I (Jk>^-* j i <^l *t t II 6J-A (j-$J : N >- J Cl m (j-A <-C j n -^ n <L<u < Jj ^ "> " 

oLijjSUy <l£^j :5jjll i^uulUI SjiliSH <5MUI p oLjIj-JI *J-o ^i iL^Ll* 

J!Lo) 13 6j-a^l j i^l *tf dilajj «CjUjjIaaJI AJ-A J i* no ^jl Cj^lu ^1 LftJiC J-t-aJ 
J-i-o) 14 Sj-ojJI j-uaLlc <ll I n 3 j «oLijtJJ^-hn AJJ& Ji-« <j-o lj-a.lj (B (jJJ^iJI 

l!k <LUJ ,18 S^l ^i cCjbJI VI5 J Jl <Ij£aj «u^^lll (C jjjjUI 
jl-ukJI iajj-^iJI ^Ij Ij-A .noble gases < L rJI oljlJLll L5 -a-m" ^^iJlj <L^j^j 

^juraLLaJI ^j-o uJJLIa («LJLS&jjVI ^jL t - ft JI (_£j^_j (£J-II f JjJ-aJI U mj ^k J^a^aJI 

ia-^uj <3L*L (J1 ^ ^j^j »f cjLjIj-JI J* m"t ^^lll d-L ^ (^lsklaJI JLLLiVI 

6J-A ^ > 4 io J-SJ j-iii-t <-»-iJ^' frl »A rVI (j-c <Jjj m n Jl (j-Jh f f oLjjlj-d 

.«Lfcj^n-^ n II 



jjMj n u ^ djJ ^-S-l -aJ-Sj (^t jj-^-j o! tl>J J 6*^' c^^ *->^^ ^J-4-^ LjJ^j *a^J 

iialSJI <£,jft^ n II Cxi>£. d5j .j uallaJI ^j^ <jJjL»JI CjUl^iJI j^uil. j-luLjJI ^j^ill 

^jjJJI (jLS Loolc * fl-i-i [\\ n 4 U ml^j - j-j-oLIjJI ^ cfljx. L» jj-5-» _ cjL55L*JJ 
aJ^ <$ u&*£ '-^ *>^^ ( v , "* 1 ^ ) ^HJ* j '^ * ir uJ^ c^ fjC^ v\* ' " f4^ cr'i 

^1j CiA-J-^al LoAlc JIJ^uJI lj_A J-a. dij *lj^.l f>AJ JIMjC SjLJI ^-o f jj-1 
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^jjjjjjaJl if \ ittjij Slj-UI <ijjt-o jjmj . t j-*^> ll iti.»Jl (jj^' J^'^ lf* ^JHl i a Cji^jJI 

(j-a Ij-C. 'Jj-»^ iIlaJI ^jj^flJI ^j-a CjI i "i ^ mi *j1 ( -_fl CjLjjj*iS IV' cJ-iJ^J ^\"t <5""^"^ 
J^A^Jl .jAjjJj^j-»jl* <LuLs_4 Jj^LaJ Sji^ju^ jJb (J>JJ^ J^ 1 ^ " <jl 6 j ini \ rt j^oijJl 
ujjj OujijIiSdVi (jl - ^jurn nh £>jj^Si yr"- *Wsi «Cj>'j 'AujJI I g Jt!i *<^> SjL® ^A 

ijS Ji-^« (jIjjj^JI (>o >^V o^aj V <g1j <?Vs^ pLL ^jI ^jL 4-ajl» Lfluij 
fj\£ja il.ifl^ll JjL itnj . f4-flH MjU SjLJI pattern r*i>oj oIj - ^L* * (jjju> 
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■4BWBH 



6 JuaAil 







<jI^1 ^L£j (jU 'fcr^ j-^aLic J j^ij V JLLaJI y Chrysippus ^jnmjjg ^^j 



Sjj-a^JI jJUJI I1a j^J ^1 Jlo-Jl jji JLo^JI ^jSj J <j£aJI <S^ c/ £ /t 
Argos o^J <> Polyclitus ^j^KAj* <^LijJI iU^JI ^^J ^ 

^S\\ Lodit j j ml mVI £j! ftj nt-\ II j Mal t n II LLa^-fl <J^-uj1 (Lj^Sj .a. j 420-450) 

* J, * 

JaasJI i^^-iiJI idaj» : Lr L L _ JUf II pJt ^1 «lLJj ^j _ Canon <iJJH» ^ 

JJLlll ^jbj <symmetria ^1 T» II ^ i_ii£ .«jlor-VI ^ jj*^.* bjt>° <Ij>jj^* 

<Gj ktl n 11 CjI a oJl^j - j hl. Vt 1, 1 4 j <AIjjJ1 ol <i mil _ 11 JjpO <j*i mi <pl a tu^Aj ic-^ 
*6jLoJI Lfl_Lo ^jij^i /clJI j} ml m^l j m^I'i.H.11 Unfl 4 _ll J-^ojlil _ JIiL^juoLjJI aJaJ 

(50-jj -> "i II aLJIjjJI 4 I n n 1 ml ^Ul - 3-bl.Ttll ^y-i-V jLa-^JI <j1 LLLjB |jl 

<t ^Jz ^Ul _ >LUJ jj^LJI ^LiJIj - (1944-1872) <I^jA^ tf^WJI 
< Jl o ^ II JlI . Monet (1926-1840) «u^ ^ijiJI ^L^JI £U>I 



.^jnKjIjj c> v^ Uii* (199-129) Galen of Pergamum Jl ^^l IIa ^^u (1) 
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dJjj t j ini \ nJl a (j S 1 I ri-J-a JLa-aJI Ij-A q A * i .a 11 * H ^jjo , . I a 11 ^jlio JJLmJ 
jj-ia> <j^.VI <U-aJt-» (jiJ .^jialliJ 5jl!Lo .kUA. o ^1 ^lali LoJlIc <^Lla ' ^ *^J 

ajJ&LLaJI OJij^kJj jjLftJbl a jui ft" __fl p fcl * " " n 1 1 11 aJULLII <_J^lj JlSJ ^cJLSj ^3 } '" 
6jLu±Juilj jJdLajJI i-fll iVl*sl Jl a" Wl Ij-A «_^ua^j La J i A $1 U^f ^-*J .4 J a UJI 

I iA Ljiklj-Luj .jiaLijJI L$_j I g 't J rtj j-jJI S^aJSJI a£] <J±^ <Jj^ mil ^J (juj m^ n II 

.Jlilll <LUJ| ^ cL^iVI iiU ^1 Sj-iLa jL^JI 



symmetry ^iiU3 LJ o r <u * ,,■; _ J-*_LI ^5-^ '^l Ljj-klJj; f "■? u>^e 
ci^Aa£1 lj| ^>^1 SjLjljj j,v ; " u^ ^-"-^ cr^ Ljj^U=> ^^j - operation 

j^^it p'j^-l vliJiu lj| Lo J^HI * flaj uaJ ^J <1 nfl aJilj LjjAr. CtU <<lh^ I <-lj\»r 

^Sjill cjjjj Ijl La i-fl^>Aj Jjt ^jj :La^Sil 

'j^J- 1 ^* J>^ ( J^^ Jj^ LiljjJ ^jjS dS l^_i J J^4"1 I (jiaj ^pJi jUiVl jl 
CjIjL^Jai I ^) *^* * 1 1 d J i a-^3 LLlIC ij-LjS ^jjkl j fc\ *\\ Cj\ j 1 n f. 4-o3 ^jl J-ij *6lj-a_> 
Ll ^. m*J ^ n mm ^jjJl) fil iA^II jJ-t i^JaJI iiijlj_Jl JLjLiVI ^ J^jJ SjJL*_o 

^ reflection JiiK.oVI j^j ... .slj.* ^J JuK-Ol 1^ *2ju> ^ii\ (translation 

iiiL^uij-JI MOZart CijljJ-a icjL-La «LaLaj 4^ iAIjJI <Jj-aVl J^lj .^^J i.ij-aJI 
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:l (pjfl\ j 




^S^aj SjLo 5lj-« j^j) t/*>" (— 3-lu^j j| <p,— i JS IJ-A (J^H «360 j ^jj"^jjJI ^j^iJ 

6j£UI ' fl '^** ■ Jl ■*"<! i*l*X ^ t V j <JK mVI jj-A <j_Lg j_l£ JJJLJ 4_g_ja>j_aj <5j£JI 

"'s " ■* « * p ^ 

6.1ftj| ^jl o^-aJ >^J (Jj*-A <-qj .(^J^l 6j£ t-4 m'i n t i^ilj Sl^aJI ^j-fl (jnS< H (^ill 

pLjj J^l iL^UI 6.X$-JJ ->^VI u-uLaJI j^JI <j£J iiLui-o SjjJI dj>a^I aj <5^JI 

j3 ^1 Jjill it\\<^ .inversion (Lu^Lc) L^LLil ^^-«-u^ ^1 <-J-*aJL S^UI 

.Lotaj <jljJI ^ji JJJJ Cul^ LaS L^jMIjI (j^ jOJJ SjSJI <jV <dJj e*l*i 
90 LAjJjB *j^'^ tJJi^-oJI JfJ^J t> "^ ft J .dJj CiLti ^^ajT *-i>aj ^t ^jjj La^j^m 



f— I t^J»^ 45^VI ^^^LiaJI c& ^Kochel 609 Jj-*ij^ fJsj c^ ul <tjl=i<JI ^ ^}UI (> (2) 

I dj dj< ui ft II CiLc j U fl n 11 fj n .A <J. j U 5 rt II &J_A Alfred J^^-fiJ i a' -^ ^j Jj >l " >■ '> >l Oj-J-Jf 



.(Anh.284dd) 
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90°, 180° (s'JA J^ <^Lnll CiLU*J1 i^Aaj _ 1-6 JiiJI 

^jjlj <jjj «UL». ^^-ic j^jj > T< ^ a I La .<_> it*s rt ^^lc 
Jj_^ °120 jl °90 L_Ajj_5 ijjlj-j ajjJ-i Lc.v 't r 

j.Ajj < U^a-t 1 .^JbLlfl't o (^jj-tul^j jj&j jj|-^ a J^^ 240 
^a ^1 jjj 4 <u^X. ^iic JJ*\* |»J «Cl LjJlUa c-iifLoJI 
^jLj_ii_Ld_C 4_ a_i J S " ' 1 1 ^_1 < j » jn II ■"■! ij J ■■■ ^ H 
«l,!**? ft W j£j* j-l£- *-J^LiJVl I^Ljj-a.! jjLjJjiaLlj 

6 LaJVI dJj ^n^at jl icLuJI ^jjLS-c (jL>J J 6 W^-? °120 LajjJS <jjI>j *>jjj1 
^l ^t^ rt.ll > ,Ual Slj-o L$-ii A-t-^1 <j1 ^ ** \^ * j ^^iJt «LSMAJI oLj)" i iin II ^ (£1 

- f-^j-i (^1 LlLci aJlc ^Li IjJ .dJj <-flj-*3 <j1 uJ J J^- ^ u' uJ J v 1 *^' ^>* 
(jl £lc <lLx I iaJ jjb _ identity operation £ jJ ^ Jl < j 1 o » II u * .,/» IIaj 

u 't *t*S flj CjIpIj^I SJ£- I4JS 6JJ* .P^j-ji >1=»Ljlj ^ jJalll *lli£. jLjX.VI ^ I $ 1 y J 
jjl <*jjJ <L$_J ijil jjl O^^ jjjJI '«h^MalJI oLJ-aJlJI JJ-t «iiJ-»* ^^Jl <jjJdLaj 

J-^Ja LiJl *ilJj ^jJoLU e-ic-L" J^ u! Jj^' I LIS n j £<L5j J-*S ^ j * n j j 

ji^l ^-Ia.j <l (j " mljj l \ 1 I f , (c^ 4-4jJaLljJI ol i I n t 11 <j-n <A 6>Ajl ^ n II <l j I ^ t II 

fl (j Jl ^ ^jJLt J-kj _ ^H»J^ ^^J-?' O- 6 SjJUa-o <L^_Lua^ _ <jjJaLljiUI aI <n?hVl 

<pljiJI jj-o L»j_Js a^I£JI \1a jjjLi ji .I4J tjj^ J*i a.Jlc jjLi lVnf-1 r^j Lojlc 

JLsk-o ^j n ua aI iii-%VI ^ « t Al SyLil -^ oli «LJLoaJI Jt^-jl {j^-l .A-iJaJL >*l I J^ J^J 
J 't f <-*j hl t "t II n 'N ^ II Jl a *" ujI * LaJ yr ri m j lj_A^ ^j bl ***** 1 1 A 1 trftLijJl <l *j u \ 11 

^_a aaa . « ij^IaLjj» UjMt't J-3JI a! mi-vVI _Jc jL-aI5VI ^jj^ tf, { m r^ i <J^ 4-iiiLLo 
jji theorems oLia^-laJI jj;^" ^a-* aj^lujU ^JjjUjJI aJL»j L^jI :cA\ iAL^I 
(jAjLai .(^jK nll a ** n ft Jl li^j) Ljj-tL*^ fo-^ vJ^ u^ L*-l <j* ,*^IL*j .oL^Vt 
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J^jj <j1 <?UI mim <^*>»j «IjJaLlj ^>i3» LlJjiij .<_£j-kl (j-6 I j kl m J& pL-iVI 

^ i> ^ ^ 

«->»<[ n 11 <^a l>bl^ jJL^I 6^J1 .V fl frL-iVl 6jJb (j-ic ^jl nC Oiij \j\ La 

*_j-ljj-J J)VI Ljj^g, LJ-a^J 'C^J^ La£j .J J ^ *t 6j ^ mi t ^>- a I J lal 'i " J-^ ' r * t *S f\ 11 J 
,—11 Jj^"" 1 <Lfr£lJl 6J_A (^J-Aj i±t j ^ t j Iril 1j 1 1 «Lj-udLj^JI <Lj h "i H ^ o ml 

4jjJkill 6jJb iLLjj .group theory j-a>JI <j>^j <iP^ J J^^^j t$-v^ ^jL*^ 
^laj^^l! Sd£,LLi Z<sjjja *LiJuVl <j-* icj-oa-o ^ Sj^ojJI t-^lt Vt (Lo^^acj .group 

6JJb £jj* A .i.A tl <lj i^\ f p I j i nVI 6J-A <j~a P*j6 (i»' ULaJll (jji^ i»i j *\ i <l (j 't j t 
«_fl j A 4" IL» <6j-aj j Ini *>" II CjI 1 1 n f (jJ^Sj t— i\ m ^J-J (jl 1 V* S ojj .4-Cj n ^ /\ 11 
ijijI^J ujiiaJI J-*J^J Jj^l '(Jlj^l ^ic ^jjijtij aj^I ,Jij| jj-ajlAl! -ijjlj L-ti^-aJI 

120 Ujji <jjIJ>j g^LlJI uj-^oJI jjj^ lt^L? <&Jj2Liij jl?^ J^^ 90 Ujji 
120 LajaS 5fjlj-j ili^oll OjjJ er^*' ^ JJ ****** *^ 4 ? j"*»H •(jfj-' 13 -^ j^^a^-a J^a. 

^^Jr. ^IILaj tj^J-l-ll (JJJuiIaaJI oM '^ «C^>a-VI ijjJaill jjLi.jJI (j-o dA.lj J^a. 
( JiJI ^lal m 11 CjI *lftf ^ in% ,_lc n-bOJ Ij-Aj .SJjj^j ^iaLill «Lilot Jjl^aK* Jl^lll 

<Mj-a <SjU iaA^AJI ^tlalll 6^aJ>i ,%[ajm] t>r la*J <iJl^ n JK ini L^J j^JI ^tUjJI 

. SU(3)3 SU(2) Jlo tfj^A l>aj <£*$ c*5j ^ (Jjlil^jj .SO(3) L ^^l 

J'* iii" J-*J>J1 4_*jlaJ (JH ^ ^ IjJtj ( j 1^1*1*11 C.J J n r jjL^JIj 6^-ajJl ^j^JLa £j\ 

LLLlj Jj's iV» o^J^ J (internal operation <^b iiiac iia io^l SjcU ^jiAL^JI ^*--; (*) 

(^a-^iJh .internal law of composttion 

JAjkjjjJn ,<UJaJU) Sjjj-a <£.jn-y t\ i jJb Sj^jJI (jl ^jl <<Jja-o UojjjS* 3°"^.* (ur^" J & *" 

IaK ,jj» uJ^a. JJ U j ;(^jj-a£.) «Orthogonal» ^K ^ ^j^. Jj! ^ O ^ LH^S pUii^uL 
J^-»«j *J5V1 (j-L (3 jjaJIj ->o^JI 61a <> «Special» L^sU. lU^ ^^IjG S j J^d^lj) «Unitary» 
.jbuVI (y^CJI uijUl l^LAi ^ jkl ^1 ^LUI cUW ^1 j^ <i[ :<*+* 
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* S'* 

<U_a».j-<JI A -\ j ^ f ^ 11 jIjLC-VI jw j n ■% J -^i 't I <^L!LaJ <CjIji itfiLijJl <j-a LaLft Ip-j^ 

5j£.U <jl (^jlilJj «pL-iVI» <£jft-% ft L^-il jiiL *... -3, -2,-1, 0, 1,2, 3,... <JLuJlj 

iJJlC (jj*\j~% f,r> JjjJj£. (^1 « ft'N J i,^i ~k <jl£ LaJ <J^J*if .g. a-%.11 4 j l^f ,-A Jajj-II 
l^£. t±x> J ^ 1 1 I (j InIM nt\ ^^iJI jliiVl (j\ AJ «J-aJ^I SjJ-^ U"° *>>?* V^ '"^ ^ f^ 

^jj Lu jSJ «J^Hl Lu ^i Je^' '^* lt'I ^i $^ o' t£^ ^ ^ .^i^alLj 

ULuajj jli ««LluAj CjJjJI ^j .10 J-*-aiJI ^-fl <JjJ-j j-a>l' SjJ"^ LT^ Uj*"j 



<^JaLHll oLlaX j-aj jjj n" ^1 S^l^h * U^J <4-juaAj ^laLiill ^ jaiilJI ^Jl JJijJ 

<j^I .Aall ^l^JI iutUl a * nnlj <point groups <lkiJl ^^Jl JL^h ^JjVI j^' 
jSj^ ^ dU\ j^u ^^aiJj s^SLLI ^ULnJI oljiat jj-o^. o} .space groups 

Jj V llAj .iijLuki j-aj L^jLj CiJUJ P-l ir^all jj£. jlaJ ^iJI ^jLalll jjlj Ijjb 

^J^J La <JJJJ Lll p Q m* V ^-jJ (jj} ^>»jJ' j '^>j^ (j^j-tl i^n LlJl ^^ jjS 4*t II jj 
r-jLaJ J^-J ^AJ /<-fl *Ul4JV La ^JJ jlaj ^^jJl ^jLouJl ^ ft mjj .^Jj-ajJI 0LI4J ^-fl 

.ol^jji^U < : i^j >> a1JI ^tLnJI olj .^.LL j|)h"i I4JV ifrieze patterns <jj>j>il 
facebook. com/ketabme 



^ -^ I (j II JjLoJI p**$J La-Aj .&jliXLol (c-l-C' >l h"\Lj e-fljl_a.jJI <jJ jj£x! (t_flj-i.j-o 
CiJft \\ Uli 4 tt\f\\ **-^fc* : *^-l SjJ([ mi 5^JU J J . ^JtijJ ^J* > J f ' <£^e >>°CH' ^fj"*^ 

^ UjLjj <j£ju ^Ij <<jYl L5 ^a. OjiAJ ^1 £t\jJ>j2)t\ J£i .Jj^i^U Jali <IaIa^o 
d alU * ti d ,„^ II ,~«M *< ^.~ 11 ^a 5i.t-Jj I (j £ ^J-j* I (] h j *t <<"i" JjS nj <J t <5*t m a II 
<t2j|^j£. <C->LujLa fktfl m SLoj _ 4^1"^ ft JlS tJj^l 4jJ^ ^ y lUlLij .(2-6 JS m i Ih 
<jA* ■> ^ 'tVi i ii j Ij-Aj) LjJjJ r Jj) n \ II jl^^J -f? J-**» J)J ^" U' ^i - »— >L»i*Jj^ 

(Elgin Marbles &&}\ ^Lkj JId <j,>££ V ^Jlj ^^V 1 ^ *ilv"'H ^Li^O- 11 



l_l_l_l 







.UaJj Ij*^ jIa^^U 1+j C j.m,JI «E^iVI -kUiVI ^Jl ?».ft^ll Jli-tVI AAJh >^ .2-6 Ji-idl 

La2 Ijlj .jIjjJL l'tn 1^" dS (^jJI j-o>II ^JjJaj jL^l Cf J[ <La_<J Jjl fciA 

<j£J <J »^ll lia ^ Sjj» <^> cjI^L^j UjLaJV a^j^S? J ^^il Y) <JjLa S > )ilj 

■t ^ 

pJjJI Ljj^j J ft n 1 J^-«J '-*-J | J J * '(**-» J' "i\ (^jJI aLaJJYl <i^JLx J-iiuaJI (^h* Qj^ s '" 
jJsUj ^ <Aj Jtii fpLAiJI ^-i j \K n. n II laLojVI ASC jlc\X±l\ JJ^j LoJLa <Gl JjjlL» 
^jSj d5 (^jJI <lljVI Cj\ nj <n^ II iaLojI JJjJ Ijjd^. _ 6ll«-c Jjl^ I nfl n _ ^liojJI 

<JL^.I^JI jjjLLJI di J Cjjaj.1I _JI 4_pUj_JI Jjl l ftjl ^j^ S jLft-l Jl ^yk AdJj f-°J 
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«f 

^i fcLiJ }L ^jIj^V^JI jjj LLajI ^-Iijjjj .^jlj^aJI jjj J in i ~\ m l ^Lot jJ>tJI 
frj^VI jij^a/^ 1-AJ.ftJ /cJ-II oLajaJI <„-uN }L&j <*l alLa ft ^jIjJLj _ (jjiJjl^^U «jLAjI 

< a j *a ^ ji^-* jhCh' ^fLH -^ o' *^ J *(jlj^^ " jj'si J? * *' ,r> n 3 Ojjjt n (j-* 4 1 1 AJjlM 

.^jIjJ^JI (JjJ iLttjV Jali ^ » inVt ^-it <JLXjm *A^JJ */e-A ^JL)- 6 

^^iJI Ll i 'i II (j-o 1 4 j 4 in net <^A-iJL Lr iju .<JLi ^>i£i <3^£j ol I** «u^ 

<jJ5UlJI Jalilll <jj-fl Ij^Aj .4<t m II j SjjiLoJI 4/ifill ii^L^JJ jUJll j-A oljJ^JI 
«LuBUlLaJI UI a \ II jjjj (jgjp^l jjj (Ud^allo ji-a-ojj ' (] K <(jxujl^la ^jaj jJ 4S i mi 1 1 
<jLfl <LjLjl£,I ^i 3j^" '^* LaLLjI Ij^j .ijjlla jl ^^C-VI ^>^J S^>jUa JujjIjJa 

IjLaJll J lllf 4 t S ruj CjlS * "'H ( *y& UQ j .LLajI 4 MI.OA *La_» ^j| (j^~* ^-^Jh' *^J^ 

j^LolAilJ ^lo ^i^oU -Gtj .(3-6 JLill) SjjSUI Llill uijLk^Jlj oK»mll <> 



,• : '•;• * * * • • • # 

I * • # * 

• • * # ••'"■• • • » 

* • * • # * * • * 

* • • * * * • • • 

# • « • 

* * * * * * • * * 

'f. . *..'.' ' • ; *.' ' • m " * ■ « . . ' • 

« . ■ =■ '■*:' * . * 

« ft " « ■.-• • • 

. ■ »;■:■■■ ! ,.-. •■'...:. ■;:»;:..■:' .■'.•• . 



^nnll (2>-° -^»^1 ^jUjJI (jljiaJI Jj>l 4'i^onll J.ift^ 11 wKj mil isLajVl 6iA ^JJJJ .3~6 JSLltJ) 
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OaLS IjU <*,! Vit 5-^J U^J^ t>" "*J 'T U inV) ^-Lc- Jj-oj-Lll <„ijSj3j fLAjl*i-% " 

. "" t m. 

<JLlli\ uijL^JI (j-aJLJ <jV ,l>t .*l1 t^^j-Ji lxAj) ^JLoaVI U o j II J ((SjU. Jfl m 
j mi r ^tj m ^j-o IjLaJjJ (j-uJ-3 jjS" o In ft t 45-^ J ***** (jJ •(SjjLft-d (jkj^ S JJ*^" *> » 
^\ ^1 ft^Vl fj^ o II <j1 j-ajJt ^fj-l=>-i Ct">^M <^U1 JJ-aJI j_A l,i_Aj <l U n *» 

^ .pUkHI SLo3 ^SJI jLl*VI iitttSJI ^jU-11 LUd ^1 <^fl Ji^U 



4 ■* o -> ft II \^li\ Cj\ tiUj '^^ J^l J-^^^ - J ^ijj'W i^ jj-fl La-o j^ mi II oLa^o 

* Jl Jl * - * 

LlA I \ \*\ /\ \ J4--6 J^ talU Luo CiJj-iill ujlc ^j^jjii LoJ'lC _ «Lut^A JJLJ aJ L*--a 

Jl 
,t i n i/V» ^*jl i mi*n II ,—fl UjJLl Ijl I \ *iS 1 ijIaLij jL^J 2 Lt-a j^^"" 



^JJ <<JJ l 



^1 ^Li5 JJit ^bLu j^i. (^Jl Lij^ii IJla ^li <(jjji^=JI ^ t_jliiJI jI^I ^f^>* 

c»! j U r u-a pl "> '. fc t1 .4-6 J < A II 
.jUjVI ^MiJ! ^LAiJl ^1 o^o^UI 

lma ^ u r., 11 juji i^j .L.. 

U^UJ JL^i! u^ <^j^? « L. 

d a * j U U a ,\ jj * I j ... t , tC" * v A > <jj_^| o 

c5J^*^ L-^JJ -Jjjja <j-i-j jjJj-lJ 
^ >jjj di ^L-*Sil I j ini \ L^LaJl 

fjjn mUl I t j t jij .^Jl fl-T>VI jkl*»"ll 
tJjJJJI CaJ^>J^ jj "1 J I r Jj-a ^_i_iJL*».laJI 
($J-^ 4 \l \ *~i fi I I *1J-*JI jjl tjlj j I r i j 
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t fr ni< llA L* i,i^j SjLsijVl ^MjJI pL-ClUI ^ JaLojVI J^£- J-A Lo <^^J 

LLi-o^c jlj m jjJ bUjjjl ftransduction ^j^^i-JI ^J ^j^LJI ^ JUs^VI 

- (J^JJ (lpL i . ft JI f I * ^ (j-a-i^ajaJLeJI * mijj.A.11 ^joJLll rj^Sl <<JjjJI ^jjJIj 4 » <*\>iJ 

jLliJ ol^-V ^> C5- 5 < 1784 ^ (1822-1743) R-J Hauy ^j_a c^^ 
<Essai d'une theorie sur la structure des cristaux oljjiJI <ui» ^ ?j>kll 

6JlA (Jl J^lo^ ,Aj3j «jJt i^l CjIJ^J UJJjJ £_i-i^j CiljjJLJJ <JJXjLaJl 4*jfl II q\ 

o * 
SjjlJI 4-i_£J Sj jt i /^ jJaJB (jJJ <2 \V* t m' lfr_tf ^Ijj <(j j mm U H J Y JJ "'IKI I 

s* ^ 

.SkA-i-aJI 4 ^ m ** II &J-A J-i-o ^^^ (!kj J A ^" ctiJ-a* j ^ '" * Cy j^LaJI (j-*J «4 t I t^ial 

_ <J£ p.| lAftll ^Lo L*.* <LLo ola^.j I "i idi^ Ijl tj-iii ua a m-% (jr^ u*^' (3'^*"' '" 
j^jii aJ5 .unit cell Jl^ljJI <llaJI i^J - j^>£ 9*^^ p L>=4 c^i W^ 6^ oj j 

jLuVI ^1 Ifji C>& «HjWSm.<» jl <(J^JI C>L^n Jin) £^£n ij^l^ll UMiJI 
t « -* » o -* ** 

Ji-a) <1jLlLo GMiJI jIajVI L^-ii oj^* <LL!Lufco jl «j^j^VI ^jjuJI ^ 1 4 1" -% o 

i - 

lj^-jj) ijjl^Lo j' 1 »1 ft*t <^ II 6j^.^JI (3j^ ^^ ^' i-tj-^; <ij^ *ift jl ucjjjjSJI t_jJc 

14-iU <(<& pL-clHI f J-« ^1 <jj^IjJI Lj^UJ J^a^I (S^Jt u** ^^ Cx^ <J 

t^LijuLu *<SMDI jUjVI ^i 4j ^0 mnll f U^MI g^Lill 4^>*J' ls-^4 -Sj^^I^II 
^^uii^l ^pLj^l^ j^UlJIj JL^JI jLluI* ^1 4 j „n .Bravais lattices <lil^ 
^i L^JlL^ ^ j^l ^l£ ^iJ| (1863-1811) Auguste Bravais <uil^ o .nf J 
. (5-6 J*s mi II) L^JLa Jili s^-iiLt *-jj1 j^.jj 4J*1 J>^aj jjSj .1850 aIc Jj^a. 



:jj& <iJii_o LljJ> (j-a UIjjJ «u.iA.I^JI Ij^UJI jjjJj «ui t*!*^ oj ^j>o <-*j (4) 
http//www minweh.co.uk/bravais/bravais.html 
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Monoclinic 



jJte. <*iJ ^jj .«uil^» olj<j .i. ^a ibaaJI Jjj oKjAl jUjVI ^MHI ^UiJI .5-6 JiAJI 

(>a j^ JJJU <iaii J£j jljdaJI Jjj (j-a £ji Jaj^ (jiftj .jLauVI ^^1 pLAiJI ^ V*'>» *L'*V "» 

.Luajj 230 (^j-o J-»^l J v>^J Jjii'i «u n H <j-a ^j£j iJjjijiaJ! 

- s# S* m f ^ 

( jlj..W 11 jjj (jH 5 LljujLujI L£jp j imC 4_X_i_uj /J^- Jj c^o^JI I J \\ n t Laj-Ua j 

^ - «■* - "* 

(Jalj j'jpo ) 4 <i l! "\, a ^J^IjJa-J ia' J t II <<Ni mi ,_£ 6jjN*i n <L»-Lfl t_ijLkj • t^a-j ^jLj 

Jj^jaJI JS i m II J-aa) ^jAj (3^^i Ll^ "V>^ .(IdSjfcj <4 lilu" n ^jaujIjJo iA \ mVin 

d^.j-J <j1 <-^"l 't II JsL&jVI *ifJ «LjjILaJI «LujIj^JI j d h"» J .<Lilj-» j J*S t m ^ iklj 
<j1 jjfc jJljJI (j^J *^ <ajXo ^xC ((Jali)) ?nK jJjlI jl .iali 1^^ Luijj 230 

6JJ6 ^■ft.u^ . h\ <AlL 230 Oj <229 J\ 228 <j*ijJ <jI -<i^j jj^-aj «CLU» jjjJI 
^1 jIajVI <^M1II 9I ^j ft i^'ll J^j <space groups LiLuki i^-0 oLa^pJI 
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J» 

S^jJLLa Cjl-ALaJjl CjIj cjLSj (jlj-i-C /j-l-C- 1 J $ SjjLaJLoJI <■_.» 1 1 II ^g jp ^ "i (c-^' 



La-o CjIjJJI (jiujij ,-fl 4 t j mil ^jIjJs <La.J-aoj <1a Lf^J <JJ^ fr-^f ^H -8 <*^^J 

rr lm hiII^ .CjIjSJJ a ri*i J n II (jxujSj.ll ^j-a \ mu ^1 JjS n J LujJ&3 4 r> m M o CjLijp hio 
6U-A daj jJh < c ^il^\ll jl tiljjJI JS-a <£jJJL-a j fVtf. Jj-o 6J-1A.J SjjJjJ U mi m o I I 
^^jJI iJLjJ&JI Cj^L-ua-ij ^ J^kjJJ «yi luI 'i oli ^IS-aJI j-A Ij-A (j^Jj f J U "<il 
LaJJlC ^^jJI <1qI^-JI oLlajjjJI <^a IdaJj Js m n I La-o ^Ijj^JIj CiljJJI I4J A^^ n 

.jJ&Ulll L^J rr o nO (^*J'J <230 

Jl Jj 1* j K' 

(ji-a-o JJX. ^>jS) ^Ij.1^ <~i nii JaLa-o I Q 'i n JSj (gAlt (j-a I (j t r^> ^ ■> *tjUjJ5 oljaJl 
Jj^a J^ ^J SjJ ^ igi^J 6 djj -^ <JLaL JjN n i 'i ^jS-a-aJI (>aj .N S il U*i o II CiljSJJ 

<liL Jj<s .Vi j^oJI t>j .(6.6 Jliill) ^JjVI <i^aJI ^i Sj^.jaJI cL-iLLL:VI 

( jji Sj^a^aJl CjI lAifl-s 'iftll j-i oljJJI fi iA*t «/«-IjVI /j-^ '(jj'i^JjJb ^J-a*Lj <(_Jl_l 
CjI .A Q^ 'i n II ^i LfJ .A'i *<^liJI iij^iaJI ^j '(^jVI iiiiJI ^J CjIjIII J-5l>o 
CjI ^ J U II ^pll LjJ-aj IjLfl .^jVI 4-LjiaJI ^ 6J v _^a.j-aJI £>\j -y 4 II Jji 6j^.j_aJI 

.ABCABC... ^iliJIj .ABABAB... jjh JjVI C^^i\ J^ AB,C r ... ^i^^VL 

Lr ic IjjU ^2)^^ (j\ >*lj I f. c-j^j <ol_>£U JjVI t^^-ij^lJI ^ ^klll o \ j ftl Ijlj 

^ tf ^^ j^ 
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<JjfL» ■**■ t"*- * UL.O (OljJ J t ft" ) A 1 1 <*"> Cnj^ jjjujSjj Jj t*i ft h**t*t *> (j t "t i'i t pLJlljI (jS a t .b-b J "j i il H 



^•jjUII £i\j& J^i 5jj^j-JI ipLUI UJaJI oLAiL^JU ^ (j-aUJI ^jUjJI 0>U1) <^J^JI jf^iUlI 

(„ijjjj j^lt Ji^-%*> LijLi «A £*lj1iI1 cjIj^ 3j^ SjjiLj Sj^*.^xJI jjc -.1 .^a^*. Jl ^j cjIj^.11 c**ij 

. Lr J^ a >Lc <J y;iJI ABC 



O* 



Mj-LS u^Jt-t-al j j i n" II lj-Aj\ ^ii^ VtK>* *>±i^ LT*^ 'j J ^ CXi^ <jl '-L' I f 

Ljj^. J*S mi" Lf^ jjjLat-a.ll ^ A * tj .«LC-jp" o CjIj lr>1 m L$J oIj^Jj jjl aLLIj tI*ljjJI 
{JS ni*i /J-3JI i^jjLjUcu! A-i-ts3j .tdjjJlj f aj-j.jjM n 11 j fOJL»jSjl y-A *G uulj ' ■ <jjL2h.l^ 

jIj-JJ i^L^UIj 4j<jM<j n II oL-uaUJI ^ jSjj <f^lj jjU ^bl^i ^jl 

iSlip planes juSVjjl oLj" m o j^j Lr k. o»**-* Sa^Lua cJi^li <iULai .«U-uJI 
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^Ji CjIjJlIi CjIP-jLo (j^j^l (^j-a-j I f\J\\cj .<J3ijJa-o <jj-j-o J-*-a (JiL^a)! ^^jJcIj 

^.lJjuJI J< mil <j1 6fA? 'i£J>»-" u- 6 "lf-*^ <£h**-ljJI Lj^=^' J <6.6 J 1 ^ <"ll 

4j.fi Zj^il CjLaj)! m flll ^o OLfc j n 'V n ,-jLu t— it>> ft 11 JS mil <flMft t (J- 1 ^ <c-S 'Y J ''" 

(jj^j (illo «iiljjJI) «LjJj-TJI jjVjll olj ^jLauJI <jt ^ iajllllj .<Uh^o cjIaIajL 

icljJa-a (^IJLo <JljJjxJIj (jjjl *\ j II) j m^fl.ll 4j \ % II olj (jjlji-aJI (jj£-* (j^- (<r* f ^ *** A 
4 Q n ^ a 2 1 N 1 1»] J ^ "w I j U ^j *1 (] t«\ Muj <1 fl ^-Ja iiuj <l d j *■% JjN nj jl «JjjiajJ <-LLij 
«J^ijJajJlj ■_ ta mli (jjjl ^ \ II 4j1jL5 (-k <LuLjj4^jI CjLcLLuoJI J aJJMj I m nM <Jj)^ m t 

^j (Sjjj^** j.>j aIjI IjlA .Ij j g a cx^-* *~° ' f II c j <LjLi^1 J ih rt ^^-ui «/-JLc! 

JdC <jfc Jlj-iJI J^ ^^^ ,<jl£ftjll <AJjVI jLauVl j^-fl ^>kij Lojit ^J^f '^*J 

cjLj-t-iL^JI ca^ujjJ jJ5j *^h^ jIaj! L^J oUI uAi j^i Laj^j u^ ^ c^' JoLojVI 

lil (jLflLjl <-*Jj1 Lf -fl «Jali» <ajLi-ii Sj-aj 4783 <-a5 <j1 CjJ^JJ <<J t c u, rt JI 6J-A 
( jjj ^jJJ g-l J ai " LT^") ^L*-^^' ^ ml n -fh frl iA> fl (J _fi Sjj^j-aJI CjLSj I 'N n II <jLfl 

Lc^i jjaj - (hypercubic <l*£l^lJI Lfi>c <j u^j^ ^^ ^*-tJ <J^ csJ^ 
(jsJk lil ^ijjj CLo (hypermarkets L^SIj-Ji ^& ^ L^iljj-a. jljjl -U-ajV j-^j' 

.jLuVI ^MUI pLAa]I ^j J^ J$ oli^JI 



i^i ml \n)l ^6 jj] <JolHJI 6JlA Jlj£- (^jlj < f" ^-t-i^JLi <l n m" n CjI j rtl **" 'l JS Ci "«^1 

t \jj t<*T\ <^.>t loi iJuijftLLaJI jJaj ^j!j <IJljj^j j-»2 Ijtfci mj ^jjl £^ I n mljj re t i<^i" 
{jl t ^ uliaS3 LoJljlC j mm mij <J^J f"* 2 ^ ^J) 7» ^ n 11 j lr>l ^k rt II 6JJ& jjl -v1\ t m I \ *|S I 

.Lj^uijJj I* d ?J^ jJiLillLfl f^ul^UI jjuua-a <Gl j| <1 <AjI i»^ Jj cJoJu 
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^S Jjj ±Lk .j-bLllJJ ti-oiaJLllj 4 j | j ^ jli\ SjJLLI VLj_a LojIjj (3^" "^ 

translationally L_»N „m! I^Al-aV <>>ll <jj£ ol <t£j^ ZJ-^J - &*&& ^i 
^UjiVI w&^;i <j1 L-&J LIjIj .ghi^'ift iiUJI <^£; ^1 u ,^"iij _ invariant 

pLaUI j! ^1 _ »1 lAiJl isotropy ^LnJ ?->/»'» £jljJI £UajVI Jj _ ^jUl 
^ tjl .torques JiAJI ^j>- t-iLi ^ rotationally invariant L^Ijjj jf^ioV 

UI iauVl J^ijl^fl (j| (£^>J ^j^**^ IJJ «LoA^laLilJ <La_Lu (j-o>l'J pLiAall OjGSj J^^-J 

,(1935-1882) E. Noether jij± ^J^ eh liA -^LnJI <> t .vr» ajj* iJlliJI 

O-Luajj ^LaJ^JI L^jjLa. aJLsJI ( _i Ijj-ajj 'j^-"-* CjI j ^ L^JI ^J «LaJLc jjS ^^-Aj 

<jl LaIj^ i (Noether's theorem jj^-i <i^j^> u n uu La^-a 1^. j •>,*"'* ^i 

UI a ^ j j| I JjlJLa ^jjpLfl Lajlj A^.j-> <Cli f j UI n ^\>i I A v ^ 

■K 

CajI^ Ijl La-ii j *< a" 11 j cJ-fljLt-a-aJI (j-aJLJ <Ltaji.}Lo jJt <1*A dLli <UiU La J£ 
,-Jb ^JbLk a II p U ... ,-.^" j""i m a j tal m II ^jj /j-LC- SjLiiiJ diLlAj .j P»l Mil 4 -^ \\\ 
JjjU t*j-a ^Li-iJjH ^jlS IjLi :pl a j mi-s II j 4 H -s o OujLpjIi oLillaJ J-alSJl ^jl uni 
jLlg LluLi (5 J-i-^a-iJI jc-fj »tjL_al mi" n ^j_l±jj^jJI ^jJdA _liLLd ^jLfl f j )r\ \"\ 4 \\ i\* s 

^*a> L^JL^ Lr lr. JJtj ^j;!^^^^ Sjj ^i tjj^piJJ <L5LL ^jl LjIj ^jf^ f ^^ 6f^ 

.iLikJI ^^nAl] C^llll P oCjlaJI t>a Lt Ji^i o^J f S CjlXa (^jjlUyi J t ,7ij 

ch* u^ ^jj J d "'H u-° l)1 £-°^ '^ 'cjL^a-fl P c^b-^^j ( c^J^ s (fJ^^ di 

^jl I * a lUn ^juoIjJI ^j-a (jinU fj^.1 p (Jjlj-a ^1 Jj^'jl p (Jjlj-o JfJ^J ^ rt <■> II 
ilLLJI ^1 dlijl ljj^J dij .S (^jlia (^Jl J^aJLJ P (5jld-a ^JJ^ Q^a.JI ^ 

4-^^j < I j o ^ _ Coulomb potential energy L^jJ^iJI <±A£ II <iUJI ^"a ,,.j 
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^jlc J\ i^ji^ft i-iUill J\ <^JI a n i H t^JaiJI ^ _ Sipili J^ Si Un a ZsLlua ^i£. 
I^JU. ^ JtS <lol£JI <IiLL <jU - Ja^jJI ^i <jl£Lo £l ^ jl <*\jLu^\ .L^ 

jjlJI ^ <liILui-d I o Vs I «StjjJI fjc <Jl .m a II jJtAJ^ Jf*-*-* ii-olSUl iSUsJI »jjo*j ^jjj 

<j! (Jjj$J\ ^JoUjJI Ij-A U > >^a>jj .<lil MLftJI dLt JJ^V* V LoOa£. Sipili <J£. (j£jl>ll 

^L ciiUjjj (jn „vr» SjlLI symmetry transformations L^-bLlll c^L^'J 

(j-A^ IjS ftj *S^iJ ^-ijhl "t" II d>\ J r\ 9 II LoLaj 4 t mj Ij-Aj <jjj*-a ^1 Jj-a* 4-»jlj 

jjUr ^Ij^Lj >^VI J-k n 14X0 J^ J^jl ii^LUI p ^LjIjuJI ^Jja3 ^ a Jl 
V <j| jj-ij J'j L*-* <*^L1^ f^°j .Sj-a.lj L4JL5LL ^Li aJi (j-aj <5^>iil <-jjI^I \~\ 

•P (ijlj-* (^Jl Jj^jJ s £jlj-o jjjai U^aj 

151 * j» - 

4aJjJj£JI iLoliJI £aUJl J Ulj^aJ <jj1 m" n «t <JLiia JjJ JLa^I '^ ^J 

LT* 6'jJ J ^Jf ^ ^ L5"'^ Jl -" >^LilJI '^ LT^J -JLa-jI «Jtjjt ^ ^M U^ 

j& ijb ^vi ^ais p ^ji^ ^1 ju^fi &tttt s 4^ J>~ jl*J ***J 

(^Jl Ifl >^n„i ujLjIjlJI ^j-o 4il"^ aII £l^VI (J>^ <j^ L^l^-«W 6^J ^^ j-°Vt 

IjJ ,(9 J-^iJI ^Jl J^^jJI ,^1* «Jj¥I ^Jt) a^lj jjUjj IIa oV .jl^VI 

^ * «> * t,* * * * * * * 

■ g I f. 6j^*t m a SjS ^jl ,-i ^>SJ <l Uj mi 1 Lajj^ I j i t?i" O-U ^0 VdJ J ft»" ml m 

^ v jUjVI ^Uj uu s^Jij oLauVi (iiMiJi iliiu ^>uui ji^ .^„.o 

jgJI, o 1 m II *_jJaiJI £j^a a 1^" m a JaA ^^J 1 \\S aj .(jAjj^l JjjJJIj ^j't-v II I (j h i <~\ \ j 
J-i-6 <^JjexLoJ1 SjSJJ ^- Q uj oJl IjLA J--^J '{£jfi Minll /c-U SjSJI pk i<« >a >^ 4,hi tn'tj 

^i o^JI j-^^ 1 ^U °90 ^j^ 5 <ej^ S^SJI $1 jjj .(6-7 Ji-SJI) S^ib 

Lad&JLaJ (fjsh ts\\ ^J\ (gj\ 1 1 ia H a in^j JaJ^JI JbJuui-aJI (jl . JS <ti II ^jjs f^jLul a mi II 
/jyijVI) dt H \ II a mflll ^ Jj j t a Sj'sll jjkl <J-a.>i dllAj 'L)^±f\ J-^^J **J-d 
j-JU ^j^ Ali n II <^^ * ^^ LAjJti <j^lja JJ^° <GSJ f*Ul ttiA Ui turt <Uj <JS mi B qj* 
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<_« r jlalJI ^jj JjLu Sj£1I jjj^ (jl 4j1j 1'i'i^^j .iijit (jjjjju ^j pL-ii ^^Jc jUjVI ^Mj p-1 ini 



^^k ^JUHI ^jj <Gl jl :<KAJI 4»iA ^L*j V jaJI ^}tlll pLukill ^ ^I^JI 
V oljjlj-fl oLSLU (^j-ij 5l jl m riil ^jl (gjjj <£jjl^jj±a Sjj oLjjIj-tt (_ f J £ - 4 as! ^ a II 

- 5 - 1 

,«Jj Jju ^_i j" "1 Min j Hl u Jj^a>jJ 4 -v %Y\ ,—A L>jj£u=» j^jL» L&J2J hnjj 

t j l Jj"N II <LiUa ^j| .t_ujjfl LaC LAjLo-J /c-AJ** mi 4jJ-3 J^ ^j^I Sj^Lfi ijLj&j 
frl n La II .p (5jlj-o ^J (jj^lUJ LSLIa n j 't U i 1 A IL ^jLloj V S <£jlj-a ^ 
<Sj-aJl J^jj 4, j i,a,i,A 4 ^ mm'ti o CijLclJLi Jj^a.j jJb cL13 ^jfi 1,1 i mi 11 ^jl < *jj^jJLj 
jLluSjI (^.Lt JLIU IJJ^ -^Li±5 0L2LUI re-*J>J liAj <A-ajjOjj (jjj'K I^U ijjlj-oJl 

jj-^.j ^ f-^j-H cr^ <^L» ^ Mil" <jUr ^j .symmetry breaking jJiLnJI 

oVLaJI CjULL Jjiaj c^^^ iijJL^ O^lcLij Jl± tA\\W II ^ j-tLjJ iiyr. 
jl mi^jI ji| ^Jl j h j 1 1 ^jIj «LLijis <-aij .(jAn 1 C ^C I d iriti « fl l"i ^ j ^ ^ l*ia a II 

iSLkJI ^jLi <4 i^il ^ II < j % itt\\\ ^ ^1" im\j! <j j h 'i I Uij <Gl ^aj ^Jb <^JaLll]l 
cjLSLU ^ u^^l 6^ ^*^ t>=^ '^ '(^ J-*-^iJI <E = mc 2 ) ^LiJjUTio ah<llj 
SjLaajj .<±liJI ^ I 't jl t" I d i ts>j^ p oLajIj-JIj s cjLjIj-JI ^ oUjj'^IVI 
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37 S 

«^jS^JI >UlJI oIj ip^jUI <1aHJI <5LL1J ^kllJ c^^UI JUJI \1a J[ 

Sjj ^ iSLLJI oLj" Hio <jLi <5 Jj-oiJI ^ LjjIj La^j .SjjJI ^ ^jLS ( jj L pill 

1*1% n i m La lj| /.VtA'tf .dljjJI * * A ^ 4-lUs» cA-»jp m a 1 Jjj) u-Uj-£j ,—A ^jJl^j^JjlA 

La <JVjJ j i ol *> * 11 f * ft% CjIjJ /f-^- 1 ^ j m t " II I Vt^ n i <J al c^)JLxjo 
CiJjL^ LaJj , < j-i^jjJjL^JI 6jJ CjL»jlj-a-» LoLaj <t fl j i im II «LijiJI oL*jlx&JI «U i mj3 



<IaLj (f CjLjIxoJ1j d CjLjlj-aU I i Aji j) S cAjjIj-eJIj P oljjlj-ail <jV «-flfji» 
J^^J Lu f m *Uj ^t jJjLi V Judl£.j <JjJ>H iiAJ <^AJ t^^li lil 1<5UJI JaiAj Lo 

JjiaJI ^>-0j j-fl J *^ ftji 11 <CjJjl (jl <(-l*^AJJ .j i,^il*t^ll i£.^*LJuO iiaL-aJ^ Cjlj ifiK m 

iflLLU oaJI £cLj>]I ^tLllJl j ,n<"j <>k^l j-* LaI^.! J^Ul* iL»jj3il)fl cuil^ 

£y> jOJLll c >*lAJ dJlAJ V SliaJL-o 4\\U\ P olfjla-Jlj S oLjIj-oJI tjU i^AJjJjill 
iaJLj (^jjjJI JjO^JI ^jLi < Jj ir^% 1L liA ^tLjlJI jl mi^\V rr-ft nij J^l Lftj .<5UaJI 

c^ ij^^JI Jj^JI Uj^, ^1 pL^JI oM IU .(8-6 Ji-SJ) <i>J Sl^Li 

43^4^ ^111 JjJk^jUI iii^^AUI <3LL1J jIjljVI ^LfjJI ^.Llll] Sjji^a <jfuJiaJI ^ 

^111 J-aliJI ^kLlJJ ttLIjii Lfil f6^u$j ^tLiU S^j-^a ^ <J^»VI ^1 ^Laj^JI 
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•«i 



.-'i 



■ ; ■ v 



«j^j £jjdJI JjAaJI dUlAi V ^J^J «Sl^iiJ <StkJI <aJLiJ1 iu^Jj^JI 4iolSJI <SlkU g. kali <jj>^! 

„, „ * s _ j 

j-ftjJI jjLi *(.-.Ujj"<iyi ^aj ol^itUJI Jjl^t <>i-fc II j^i Jiijj Lo^lr. (^n ^IjjJI j\ ifi's'tL nAi, t \ Loolcj 

,<_£jjaJ1 Jj^aiJ ii^iLJI «UlJl ^ 



njlljJ 6jj-*-fi» jJ6 «U^J-a. ^1 6jS fl i i m i *\ f] JLJ <jj~^f U' J- 6 '^ 'J"' *'" " J' iiiN'tl 
.(CjUjjlSjyi (j^J O^UlJI uj.im) j..i<\ftll <jl>j1^1\ «jo^JI <2lkJI jtLS 

oLjjjIiiyi (j^ JLa^j <j1 5 J i^4ll ^ Ijj1j .<J^3 jjjj Lo-o Jjj-oJI «u!» 
M«J ^Ljjl£J[ Ji-i Ij^ <j^Ij (5jIj ^i J^LaJL o^' «j^jlP^I t>> j^ 

<_jjuLc u'J^ 6LaJiLj AjJj 1 n Ail^lj 7T^lj>J O' V>J ' n fl n JiJ*^ JH <'*^lj L*J'^ 

Liit 5Ji-a.iLoj <^ -> -v L4J cjIjUI ^1 4 ij i^ij <<5j>i-ll JjJ > II Ji-i ^p IU 

j hl uJli «^jVI ^jJ-uj La^j . j kl m II ^-i J ttfilrt IjJb JS cLll ,^J ^° (JJJ ' A * I,A 

,<tLi^ ,ji ir>|| ^ ^^i^J (j£J < j^J p jj j^t (jJjlj 1*ax« 4^ (j^jli <^»lll 
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* i? * „ - ^ 

J^-o (J£ ^JJJjJ^JI (£l (J-a^J J)l LjJjl lj| <G1 Ij-A j j J ri" II (jL^-aJ aJX- j^^jjj 
•jJjAAJ <jJ J Sj.111 C)lj i^l ^ £J nJ > (S*i^ O' ^ ^"* 'S j J ^ jjLVI 

i * 

dlt^f jl L Ij^j \1 J-uaUI ^i ULiJjjt ^ylJI ?iAji"miftll 4 mflUnll ^f\<\ m jl 

. J-i^xLll iJJj J^ JjVI * 4i/Vtll tiE**ljja jaj Ifl-JJ d*i <LlA Lajj^I-uj ^^IJI a JuiUJI 
j£iujj-£ iJjLaL-o J^> ^ ^pJI (Wavefunction <a^>jaJI <JWI <j-o LuaLk <JL> 

rLl^J <5«ill ^IjJI J-oVI .l^icLuaJ <jVI <j"* AX.VI rr IUi i^ftll IjLA J n * "t mt m 
6lllla ^Ul _ <Lii (j] ^ fj i. i-> ^lfi Jji*JI JLal^l <j! <J-A <Gij£. ^l 

Ali ^ Zj^j^Ji <JIjJI ?njfl t^J-*-e o^»j - Jjlh" <ili£j ^Vl <^L^ 

(j]\ LfjlJ-uij <la>j-JI iJIjJJ jl j_A j j milll liA oUI nVtfl Jjx| <jl . ikilll 

JuA^ In^jn^j^J ^V) ipLjjill <j-«jbVI iju^ (<.ni<Uftll SjLiVL <5jjmia.1I <JUI 

j-JL; jj d j ^ j * tl <J|jJI <jt j-A Ij^Jj La» J *** i a VI n"^l djJLj Ij-Aj .(SjUuVI 
lU-A .tJJj .Ui^Mj J^ <Ial mi j t jja^i li^ajjjliill ^jjj <JjL-JI (^j^* Ual£. LpjLiii 

^LjLutLVI Cj^Ij i^i^" l>^*-? J^" 1 ^ ^ ^ cr'j^ ^J ^J *t^'>" cr^ <JL=*J' j-A 
SjllJ ii^j-JI <J1jJI I4-J j^ ^pJI Uifl <JLJI dH ^ .oljlll (>t jjL-aJI 

it^j-aJl <J|jJI ^jl JjJjX. Jj^jj .Lo^jjiJj-o ( jLij - >j^J| J J L^* LoJilc LfjjLii| 

(L^jLi,[ j^Jl^ LqJ[ &)} antisymmetric jl ,A,o jiiUa oIj ^^ j! . T t>j 

^j^i *i j (^»ui <p-m t* t n 2 1 ^^-i ^jLj Ijj-o ^Tt" m «j j .^jjjjjjSjyi (j-u (jjLiHi <^-ijj 

< T t 1 U \ fi II la.A ^ <c£jJ c^j^ ck^ J^-^ 6f^j>^l u -0 >*^^ 6^°^ *^ ^ 'is^ 
(j5L! - J. Wheeler jLj (j^^. ^j «Ojj c>?. <-Jl£o ^ <R. Feynman ^Uljli jjl .r t "> tJ ^ji5l (5) 

.LAPISI LJlt (jjSj (jl jj V II* j <>,>J1 J^U. L^k «U^^ J^U. (jj>&Jt 
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.jJaUjJI £y> \ ulu <<j^> 1 ** a y -\ j <\Q ffiy^j (CijldUl 4joj <jLi IjJ <(£ji¥l 



LIaLljjI A \ ^ j" LLilc <<JajLlJI 6JJ& J^J <*l tAflJl <j-a f—^J^ Slj^JI <j£J .P-l i Ai fl II ,-i 

jioj ^1 JUtVL jl*!3 ol^tlii ^j <oUj«ii^ll internal «jUUI ol^kluJJ 

:5 J m*i fl II ,_fl LaJfeLLLLi jj a I II Sl^-iJI {4** 1 . 1 ^J^-J P-^JHaj in .1-AjJ i^l Jfl nij - 

(j-o .nucleon ^j K 't H j-a dp in n j^^J La-^J ^lilll (^^^-ilJlj ( j^j l >-JI 

1 j n ni'i ^1 ?j ,^K II U d 'i o J5Jj <(JjUj t^l <-5LL <J Jl ^1 <Xili JiS 
ujlhjj * II tl>^ c uj? ** * " ° u^jl>~' u' n>^ I n fl *t j 4 ,, ml ihVI (j^^flJI .spin Lo_>jJlj 
^1 ^LoIjj t j_LA±juiAJl ^jLi f<JHSJl ^^ jj^JI *^* ^'j^ Laj-°-ai I^Ij »Ljj^ mi o (j^uj 

H' 

*Gl (^Jt ^>loLiHI \lA yfl oLa-^uoaJI ^Li^^ *La1^ J^fJ .1 Q() 'nt >bljj ^JJ ^ 

^jjjjJJ ?^tl Mirt <iL^Lk ^V) isospin ^jJiiJI (j^ mil) ajjJjJI ^ mu jb <^Lk 

<UjLjj4^ ?*i^ mi icL^JI i-JjLit o'jL5 J 6 ^^^ ^jjh'JI ajjJjJI JjLlLij .(<Glj 

Jjliui icLuJI uj^Lic oljja aU^I ^^^^aj ^jjlv>ll j^jalJI Lol - (tlx>*^^>^-ll) «on» 

Lo-AJj^I ilia. JjsJj P-^y-^ L«^A ^jl nj mi^ II .((jjLHJf^") ((0>> ^^>^l il^-JuJI 

j-a^VI^ <*ctL«JI uj^L&£. o'jij^ 6 I-^I^ (S j J " ** f^^^* J*^ {jj ^ K \ j-Aj (u^Pji^^l) 
<<£.LuJI i-jjLLt oljjj ^LaJil m<ij ^^Jij (*j>aj jJ o j > ^ K j j-a (ojlPj^II) 

4-ajjdJ 6UaJil ^jX, <( I <9 m" a. t JjVI uj-JjJSljJLj < c jjjJ-SjJI q! j i <^l ^ ^jlj liA 
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a-ijJjJIj icLuJt t^jjLSr: ijjj^ b ^^i ^jjlVtll ajjJjJI Jjjj jiaLUll ^1 Joj .^jjlalll 
«UouuiI^j ^1x15 j f i iS *i a ^Aj <5Lol^, (j-"-*J «LcLuJI <— ijLflfr (j'jjJ &L^jI (ji&JLi (g j *U«II 
j£.Li3 iSlia <jl .i' j c^Jalla «\>^JI J^LaJI J-o ^j-iKlll JcUS^ <^j^VI O^LtUlIl 
<£,LuJI t-jjLA£r (jIjjJ 6 ^?^ ^jjlVJI ajjJjJI <JLa. ^i t flJLaJ ^ injUI't* ft>fr^ Jia> 

^iJI 5JLaJ| ^ «±i<Lll ^j-o M j. U JJ»! (jjZS (fjjjUjjuh itLuJI tjjLLi (jljt^J aLs^jI 

. ((J^ojj^jI <£,LuJ| ^jjllc (jljtjJ 6L^jU ^jjJajJI ajjJjJI L^_ii tjjSj 

ijl mi<l 4 j m j (Heisenberg J^aj^La jij) l£j^-* f^j^ ^j-*-** ul 

^ oe-j>S J-ii Dobereiner jJLjj-ajjj JjJ5 ^ j_*oLl*JI ^ triads oUSili 

<ji <i^i5 ^JLa^I jr^j-^i t>> UJoi j^aj-ajjj ^S*^ *Aij -(5 J-^s-fl-N) <jL<6-ll 

J^-fl <<i-k3L4*a Cj^X-lili j-ujSlfi j fcl V\ I Sj^jj-o <Ui (^IjJ <<■ 9nu\ft c-i ml* t<JI CaJBjJI 

j-> V* <«<^ c^aJ» Lot f«Cj^a. ^ oal^ (^ylll (cjLjLJh cjLJ&jlaJI (j-o JjJJLH jaUlj 

.LcLwjjI jjS rAj-aj (j^^>JU dlij <Ciljlnai ftll 



<ftLoVI /-JJ SjLjAaJI ^-fi^J a o j» '" /J <cjI ftj t ii^ II pL^i A <Jr «u ajjL* La (jl 
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pIj^-VI (ji J j tr\j\ i*i-^ Jl AJ *(^j^l ja^ t -ftlau L$_fldSj <SjLa (j- *J*Ja3 ^■' J-* 
< j .^J (^ II 6J-A OJlj I a 1^ J «aJSjjlj JlB L&Sj «Aji n-t" I) ^jX. pAV» ^-3Jl 4 n h "»* n 11 
,—A * * ma _J[ a i -"^ * t U^"l 4Jp^" miaJI qI n t m-% II plcj u i aj f Ltl H m II OjJU4*2> 

4 1 1 * «I I & X& I * JU<v t ^^ v" 

^j-a 4" ih iti" (jgjfj^-i La .j 1N <ti a «L£-a.ljpaJ ^iju" m n ^jj-^ (j' (J** ' ** J ' f ' 

j? 
<LI fl *t I * i I » LljL> LoLcJ JjjJLjIj (jjiLj V Ai .«La, t <n II Ijl UT^ ^ A " «J SjLJt 

IJA (c-Sj) >^l p 'j- 1 -"-* ^L^ <L^ilj *iiJ^-i ^1 (jS/w Ifl 'tft ^J-° ^J^* 1 " U*" '^, '"" " 

Laj'mfl /2a*a^ II Sj .(jj£JI *-a J-fij-U 6jUI qV .t-La. 1 nfl n a ^ ^ II (jJ^J *J-&*JI 

aJL«JJ LIaJ-A j\ M ^1 LjJjt Ijj tl'i^ <jj » " J «UI (5jXui <J <<">4ll <jL$j (j^o *tU^^ 

IjIjJLo JjIj-aJlj JLajVI (j-a dll(|" nnj <(jJ^JI jj*" ku g' J-^"-<» *LiJ *<-^ ^LaJLll 

.^jlS-o <J£ _i ouLualiVI oLLj^Lo jjl ^3 1 

t j^iJI j L^JlL ^Jl <1^.^aJI ^ (jjii oii *LiiA j (ji SjiiJI aIa LajU I jIj 
«Tj^ljnj^ «LSLL _ iiLLJI ^ Lj-fllj^ IjjJS ^! tr^' LoaIc <jLoJ.II <y> c>fA>3 J^J5 

& s 

^Jl ,\*i" ih " oL»j-la-j f- j-i-a ^f-Lc ljjL5 (jLij (CjIjJJI (jJi LlJ-ua^j _ 4 h j n i Ai 

jiLo <lHo i^UIl .4jUUI Lp^lj^ .m" <jx. jh'JI j-kL» oljUI di3 olj 1/1^ m 

JjL^ 4 fl I" ■% o J_a.lj-o ^^-fl oJ^ftJI (j- 6 Sui-ja i_i5^ajJlj A-jL35 *0-tuj-fll 4_a-fl ^ fll mm ft 

<aJjVI I \"*l o i "O J <(^j^j)"iS <i II j &r\% II frl fl I n I 4 j ml ml oljJjl Ci'ilS «Jjfl aaU 
(J-uojJI j^kl j-i ^^ujJjJ ^jVI J a5 h (^j^-l ojuajj .1 iAj! UJ 4 j ml mi! LAjjH*i-tAj 
<J5VI (^ir. «Lfil J\ (iiiiiaJI iliO^JI ^ Cil amm^II «LJLaJI CjUIjj^JI <if^a. ^t 
t jjqjlj i^i II ijfcjllri ir>l ^jJI oljlj)j^ II (Jjllllj <Lo Jja. ^1 4 mm! miI oUIjja. dSi.\^ 
£j-lu ^ jJI A j ^ ({ 1 1 (^ JjJI C^ft I MU ml J i 1 897 aIjC Cil jjJI oLjSj-0 C*i^>£. ^j] Jjuo 

.1919 r U l^ok 
j^l tfjiJI ^j L^jLj^-o ^i ^-ij £ysJil i&\ nj m^ I I ^ ^ii: LoAlc 
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UI .i^jfJI L£L^ ^ j^i t^iV Lil ii^Lo _ 4j.Ul fc nJlj <?jnnUI'i«ftllj <iijLj^i]| 

s* 

tf UI - (7) (1 879-1 831) J.C Maxwell J^j^L. djM£ uilflJ? ^M-><„,VI 
A dynamical theory ^pL^^JI J£=JJ V*^ J S;^^ ub 1 *^ H-^j^ ^ *>**" 
ofjlft ^ jj<i"H <5j^ J-^l J «±* Cxh cs^ - of electrical field (1864) 

(£jljLi J^jL-6 1 ^ J I C J ua -\ ft ^^JlJI £-jLLaJI (j-Lc ij^LjJI aJLo^C.] J-ij .n^La 

jj^uJI <> >=^ <^J ^^ liSL* c^ <s^ - (1867-1791) M. Faraday 

pLjj-aJI ^ field JjL=JI ajo ^ a^5 J ^jIjLi! 3^" ^J '^-"^jj <■->*! T* £>*. 

«* ,- 

<<&j^"oll <JJ^ nirtll CjLoJ-UI^JI J^JJ 4 J mlhlll ft II S^iJI J-AAJ U^" (J-* '*Hj>^ j M ft II 

a 

li^J ijLjIjJI jLJJI (^a^[ .dliLujVI t>> S jjl -> o 9UJ ^ cjLj^SJVI cjIjLo^ 

\±A J^l j5j .^ i m \\e\\i <ij$£ f l * im| <j! CjLjuIj <pj <A II 4julxLJ C*5jJI cilJj /c-^- 

E J>-VI ■ i ■»■ - <' tf JJ (1894-1857) H. Hertz ^j-j» o^j-^» 1888 ^U 

^l ~\ ut \ \\ yj-Lc (J-jj.minI f\ CjVjL"-a Ci iAjX. I oj-lc CjjjJ cj-*-'' '^ J.* m * 1 " ^-*J-^ 

.(9 J-JJI) 

J-a ^ j, ni . t JI (JJ^JI (Jjljl LfA 5j-^ mil (^yiiAJ (j-o Cxlai <« <GJU 6j-aj dlU-Aj 

Jjj-ui^Lo a-luI ^iL-il «Li^J >k» Clerk <a^j) jjl^ 6^?- J^j-^L ^'j ul J>>*^ <-6>1jljo JLL* (7) 

.Jjj^u^U <ljLt ^ u a" 'n ^iJl 4iM-Lu1 Oa^l ^a Ijlic iijj LoJJt 
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A m ^ 9 s^* 

^^J .jr ^>*VI ^sljnj^ll 6LLu,j ,(7 j ,^«ll ^kil) 1905 f U ^h ,vj 
messenger iJUu^dl ol rtJ m ? II JJ\ ^j-L!l o^ «1916 ^U G.N.Lewis 
j,\ i%> ft II * * ugal II (j^ Sji J l \" ol o j m -s ^^j iL^i^jG (^>?. ^^jJI particles 

jJb (j^^lll .Sl^j (jj^lSJI j] ^ijJj^Ji\ J^aj ^a^J LaJla <J jVt m n I I aj m^ I I j 
cJ-a-J-Lu_aJI jjjj SjJLll J * 'i \ <_£*iJI ((* hij UI 'i i r> j fl S II JjLaJJ JLujj-aJI a j i«-\ II 

u t i mm ««lL^j-aJI 6J-A ^j-fl oLjJJj-fl-LI ^jj"t <^l ^ 4 h^ ^Lo ^Jl j 'v ! ^ s ^j-a^J 
^i^P^JVI Jla <<Jj <<Jl£JI j^OX: <^ji-ll .LL^V <jJI JjUm m, Uj La^JaUiJ 
/c^J A< ^ 11 j-iuliuul ij '^>J-ILj -Lojmj <-joJIS <_ilxjujVj .«GjJI <iLSjl u^ ft J * f^J^ 
4^p" a **« /jc-^-ll) ^CjI *m nt^ 11 Lol <a-jjJL*JI ^j- S*1a,j O^^-^-ll /c-l} '-' ni*ij$ <a-jjJ**i 1 1 

^jJI 4 1 in'i <fernnions cA^o^i ^ *> m" 3 n iAii cjLjj^&JI^ <cjLjjmjj^jj cjLjjjj^j 
fcL>k . i -».--<i ^ill E. Fermmi (1954-1901) ^^ j%pl Jlkjyi ^L^iJI 

JiLi. (_£JJ-J ,J-C.L£_A Jjl P-Llj /c-^ I '^jl i— flj-JJLll (^ti-llj ** ** ft j-C J ft ^ A t Q r^J 

*lJ| oLaxxa^JI £j\j iSA .j-j^aJI (jLjL^-jLo P jj m n Jj a <A 4-ljLJI 4_lxJLjJI cJi^aJI 

^L^i-II ^J 4 j ,,ri bosons oLjjj^ ^o ..■" integral spin ^^ .n j^>£ L$-I 
-^ ^U II ^j ^jJI (1974-1894) S. N. Bose j^ ^U I^jJ^L^ tf j 'i tf II 

jl <frj) <AlL> f/c-l-A ^jjj-jua J-t-A fLg-La 5j ii^ jljx.| ^j-° <a^jS a II a H i 1 1 d «M <^.^*yl 

^_fl <oL*i^-LAji ^jj-A SjLdJ <( i ml miVI p! fti iri^ II n. xx\ ^ ^j| jtin mj .A m n mi p Lt-ui 

lj-2t (j J ftJ II cJLuajJI jjLfl IJJ .OLjjijJ^ ur^ ^Jl-^-u^aJI pl n .i ma 'l 5 t n's ^)| (j- jL ^ > 

• CiLj^jt^ (*-* 4S ml rt" n ot*ijp-©j^JI ^>a <£.j)rt^ n Lg_*kL» LlJjJ ^A 6jLaJJ 

f->±£. tj^^LII tj djU^J ^jlt IjjLi a>^e 6^ f j ? "» 1 1 v"^^ J^ lt^-J 

.<J 4_Ll^ J^>^J Aui-«J 5j n il I ft <l -SjTl ^fc AJ ^ 'l II <JJJ (c-Ll I-AJJ^-S tjV << l"<H 
<jL$-J ^j-fl l~*f'jL? j. 1 '" f *^j' 'LT^ ^*^ t^* I nji \ <*** (J^-^J (c-*-N g ? a 11 ** 1 "'l "'J 
AjjJ mi o'jlJjtjl <lj-^- A j t rr^Q IjhLo ^jltAAj /j^-ll f Cjl A * '""^ H * K U^-> 4jI 3 J ■^ati 
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JjUj 4 Lj\Jl pl ftj m^ IU :(E = mC ) 4* ll^ £-a IjJ^lo y ml i"" £5Ua <j-ojjJL J 

iij^JI pLLL[ <ji i^j ld^ Ijj-^5 tlSj JuU IjI V| <5LtJI J^UvJ ^j-^ 4^ 

V[ <5LL1I -ULLaJl j^laj-Lu <U£- p^^J O^ OJ J 4>?"^' cPi LT^ J J^* f^ '"? 
ujLflijJU jj-ci^jlij ^jl <jm)J S^^ UJ~ tjL** 1 ^ U' p * 'y ) '*A^ Sjj-u^S oJ-c (j£*Lc Ijl 

*lJ1 4-jl m nj!j <4_Jlx 4-Cj-<.u-t J-lJjuJI a fr «i^ 11 ^j la j y ' '"? ^ *S^ J.^j-i (_£J-I1 
l-A I v-* J <jl 4J «-a_uAi .Jill Ej-aJI Jj-U ^ ™J^° V ujUJJ LflJUajB 4*«Sa,i 

<ii ■" A « Ua ■ i L" ...i *y Ai^. 'Z j 4 ,^a <CLir\, &Xaj J^Ai VLuij^ I ft t m^ fji^ 

) i**, \ £jl 4_l1C- iSjji^h ft j-kC CtLfll mja JLujj-a a t m^t a_LlIj ^Sl4 f^juS* ILj <4_bjJb 

^Jaj-*i Jl5 ^ <uk (jiijljl (^J^i (jt oJJ <JAij <J (J^°e ^cr^ '^J tfJ ^" Lf^l 

^Li <Js£ oLij^jlli ^l£ jJj .iti£JI ^^: <^1-» tjl v ?j 4-tf ^1 *JjVf jlU-JI 

«i ^ 

^jj ^ J.li*>r j <<-L>k uiULi^ *Jai ^j- (J*^ ""J o-I ^ mjlnl\< oj^JI ^Ls-iiVl 
^•■<l .oU^LuaJl ^u. (j;ij <JU!iJt JajuS .<Jlilll ^ lUliJI ii^JUl Sjill 

(^jjjili ^jja ^Jfll^ll J^Lilll <}l!ui . mm UI "t 4 aj4^JI J^UlJt (j-o fj^ >_at ^t 
?jlol < i* Ijl ^KjtkL ^L^ Ij[j .^ mjUl^a ^j4^JI I a^ If lij ^j-4 Sj-o 10 > J» f Al 
tiLj^JI j^-U. SjjL5 4 j ikj UI"* i Aj^lll SjjLII ^Li <j^1j a.(jJLa1o L^-jjij J^^ ^J 1 ^ 

i^jjpUiL JLljj^J! > o *j ■■■^ 4h5w> A^i ^uU -1^^ (o) 
.(p^aII <fi^- x itsSJI) /d^L ,iuli = 4ilUI 

.4ju1a J*. jIa 10" 13 4iLu^ JUllVl pj^uaU (^flji ^jjjj^Jj JiJJ (jJJ^iJl (jl£ ^b 
f^^AljiiVI oLj.it.^lt u ft ..o L ^it Ui Jii^T> ^a^aJI 6X4 ^j JjUI ^l J^La^j W ^iSJI ^Li (9) 
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uLa*J j? *J^ ■ »*" ol a i .1,11^, II ^jjb <L»jl min JliAtl ^j-a <jj^° aJljul <jl ,-JI ^JJf <<JuLiJI 

<jl Jj-i ./^jjili j»! tLoJl * I ^« > I naJLJ (c^f CjIj-flLllJlj C*Lj jl -s 2 II (jLfl IjJ A ,il utj 

s* 

pllaiU a^j V IH 'jjIjj j^jj Vj * j^Ij y5lij <_*!*> tilLlA :LLoj ^-^l>i JSlilll 

# # # 

I j *^ ■" 6ji! ^j^jJLJJ £j^ **j <l 4 \1 iA LjjIjlj UL^O ^jjl i "i"*t £jj£i* Cj\ a J m^ (J^* -LlA 
L -Lc 5j ii io 4$^ <J_»-A ** ^ "" ^J <lljj^ «LLJL^j <4t "ijlr>l **■* ^j4^JI (£J-2-U <Jj* ^ J-^> 

j^o ll^ , Lp .^ii <lc.Li3 ..n uu <jSM Lf i^ i a mm<j jJ <j^l - graviton (j^&iiil^. 
j^jja^ <jl djL^Ll Lr ic IjjU o>^f u' cP^ jLa-J J-^ ^ *^J •< 1*^11 f±c 

jil ,Kj^ .^ uj^ J^i ^(jjai^JLo jjA La^-jj£ La1 .weak force ii^iJI S^SJIj 

<^aJI (SjjJjii S^oi Jj-^-J r-l" m ml /c-^- 'J^^ tJJ^ti U' li^J jifi-» (£^1 ^j^^ .* H 
Lo ^^j .(Jaj-iAJL aLj^J ($^1\ ( t <^ mil 1 j ^ ft"ij - 4 n m ftJI j 1 r>l j * II ^^ Ji-o - 

it i"it"t V laLaJ fdLIa jj-o >i^t S?*C ml n'\ a ^jjJI (j-5 oLjjJijj-iJI J * 7- * (5<UI 

^iLoj V Si j *tKft ^ I(|J^m ^jJI La SSl^lJI (^fi, iLa^jUI LojJjlJI CjUj^jjjjJI 
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.Lj^ Sl^J ^>la3 ^J*. Jljjj V _ j \ i^«5 da. (^O-o <JjUI «LjLaJI S^UI 

U^ <ji jajjj i^if , T ^j Uj . (10) (JLuiVI ^ ^kil) quarks cKjIjUI <> <V£* 
jjAaj ( j_ 1 f oLijLaJLLl 4-JLoja.VI <_L-t^^JI _ oLlj t K 1 11 < j^j «— &j i<«* II Jx.L£jJI ^^jJ 

*4j*J^>_flJ1 lfl"l yCj-a Jjjj ^j^l j^iij J i^iftflll Jr-Ulll Jj _ (5>^.1 <j±* ol^iLnJlj <cAj^j-o-II 

d j ,,.tUI \i *jo^1I SjiJI (jLi <Sj-L» dlljLc.1 LojlIc <Mi-&_fl jj;^ 3j^ ^L^-a J^j^ ^ j[ 

LuUj^)jSJIj <6^£-t j^Laju LmIjJ (j£jH (jl Z*- 6 <l uftf <jjiu-o _J& I Vi i » J-qjlj >^HjI «Ufll 1/-1II 
J^ ifJ-5J1 CjLaJI -> *"> II J t fl i • I" 6JLU ih II CjIj-flLHJI 6juft <jj : <LH4 I <Ajl j-fll_LIj 

Li-ii ^i lij^i IJLi IJ&aj . (11, (9.6 Ji^JI) dl^> ^Uj>sUb ojLrj ^Ujj^Jl 

a^ > ^jfl .^ mi tUI\t ftj-fr^ J-CLfljJ LjSMiLol «LLlL^ ^jLi <<jLiSj-a ^jl n t m^ LLj| 

* * fi 

jjjj ^L^ll Jr-lilJI ^Li <JlcJLj .^jaJI Jj^j Ij^ Lij5 ^LtLa^ LijL^j-J Ji £bi^ 

t * 't * i* 

^ residual jj^nall S^llj . JUJI >a li^i <<ljlaJI ^j .ol^jljU! ^ L^jljjio 

<6Jjfl\^ll CjI^jIj^-II (j-»J S^ill ^jiJ .Sljj ^>tai J-Aj <ljL3k jj <^>fl (£Xo CjLjjj K *JI 
CjljjjiJJ (<Jt <ULuij-JI l()"l nj m^j <(jjL$-J Jf^ (^io <<<J^jft^ II 6JjJ-*iJI 6^2JI L pAj 

Sjijj-iiJl S^iJI tjU <iijJLoJI (5>5U LaM-^j .gluons cjLjjj I r ^^ >m"> <Jj£JI Loj^c. 

CiLlj j I i II (jr^ 4" "t <nj .CjL^jI^JI ^aj Jl i^ 4*^1 JjI^J A^ A Ini » ">" *< J ^ J ^ II 

.3^ V cJbj ^ ^^Ll <5jj i-jjUuaoll jJL«JI Ij^J «<j^iJI ol'i^ mll»j 



d^ Ifll^fllj ^ .(1961 r U) 6jl^L.1 Jl Jj />„■■» II 6,1a ^ ^jJI <M.Gell-Man ^L^ ^j>* (10) 
ojjj JJI {Three quarks for Muster Mark) <l ft? ll J l^iL^ J 4aKH J^ ^J <gV Ujj rkwork 
.Mark ^ ^ ? l „ml quark ^1 t^kiL ^uUI ^ki^ J ^Lkil (JJj .Finnegans Wake J 
5^5 6J-Aj 'Cyj?* 4X1 O 27 j*j (( j[lx]\ I1a Ji* J lUbj^lUl ^ ^iUlU ^j j±L jjaH Oii (11) 
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100 000 000 000 000 000 000 000 000 N 




100 000 000 000 000 000 000 000 000 N 



LljLjh^ j f I ..t" * a jj } a lua (^i-* iijillj-Liil <L^jj_» ,J_»ijJI ^jljlll L^LlAjI \J±a <jjjuJ .9-6 Jft.itJl 
ciLijjnUVl ^ 5jj^LilJI S^SJI o! .(jj— Ji iaUUI) (jj^j («jjU^JI <jJJLLJ1) olijjUJl j> tle^j^ 

CjUj^JL^j ^jLujj f £j itu j^jjiAJuu-a Jj^-Maai <ti ^ ^ma JjjLi-oj (j-ilDIl f-LaJI Jj-o t ^J^J^' <jhJJl-A lt" i^ -8 

ujJUJIJI tj5J -S^Ul 6J-A ^niJ (j-a ^^jjJI tjfj <jjiUlJI S^UI «(fL^ 100 L$Jjj S^a.-i jjit <j*.Uj 

- J ^ -* 

^ js „i j* ^ # 

gU-itfl ^n.Mftll ^U-iVI LLiiJI Jii tf .v.'.jj «sl^iJI (> 6j>^VI ^ill 

UjS ^ ^£f I o !">< Z W and Z vector bosonsj W ^^"o ^UiJw ^ "* 

.(^JljlJI ^ 5^« 90j S^s 80 ^j^JI 



.gauge particles <jjIjaJI oL<m .m-^II <JLuj-aJI ol ^ m^ II ^ n m" <Laj-atj 

<4jijLx£. q1 rtj m-% I iAjI ^_A OUjj K llj t A d ^ " n II oLJj^j^^jJlj <<LILS_Jlj «^jjjj-flJI 
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IIa .electroweak interaction 4<j» «A^^JI S^UI ^ ft ,,,"» Sx^.j Ijl ^ Ll^ 



ik-Lul^j Jr-liis oLaa mi^ ciiijjd^JI .leptons «ujUjiiill» ^liJI ^j <hadrons 
JS <j¥ <l g M i i'i cJ£jlj£JI ^i VI jk^i (jJ ctjUjjj^JI ^luS ^j ,a \\* t n\ \ S^Ul 

.(10-6 J<itJI) eight-fold way £jL£1I J^JLj c^uj Ujj .jtlnll <> ^LL 

isospin ^jjh'JI Lft-^ojjjj «ul^i Jl ^ >g >iLLi <jt Iv^^ji «S^aJj <1jLc ^ 



UjjJ» jJh i^L^LH Je>^> - 10-6 J S iVi II 

<ju£u IJJbj <4_uj^l O' *• ""^ H ij* '"**** J ' a t * t ' A " 

~ LiJh (j^ .^/iljnj^ll j >*■>! 't * 1 1 <5jjjJ1 Jj**-?^' 

(Jjpj (jl J A," ^ Jl II (j-*) Cjl A J h|-> 4-uLajJ I ft iiij 

oLIji IfAA^Ti ^jjkVI cA<u«u,^ II {jQ iQjJbj\\A 
^jj^kUI |w*jjill 6J4J .hypercharge <L^ia <la, .Yi tf n t »i _la.b 
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L$JJ :£j\ n* ta*\ II < J 9 i ,-jft CjLjj j j I II j . < — II a ^Vl i i j \ in*t II r-Jj-A-j ( j-a 

.SjLiJuuJI 6jill 4_La_i_Lil aj Mrl j>* 2 ol A * J "' v 

^ L&j .(11-6 J£All) cilijSJll > c^lil* iilij cUjjo^JI j> o}fcl* £}15 

iillJI C^UI <> ^ <jLi Hjiji^ II SL^JI yJ iiaJ^aUI CiiliUJI yi JUJI 
.(jjh^ (-JI ^ojjj ^aJI CjI aj t ii-^ II <j-o UhpJ-°J c) -0 L -M>° ejLoJ-LLLaJI J)-o 



3J2J ^U! 


^£J1 <JSUJI 


JjVI ^UJI 




<j£ 


f— 


<*£ 


f-— 


^h< 


f— 




1.9 
<0.033 




0.11 
<0.0003 




0.000054 
<10" 8 




3 



189 
5.2 




1.6 
0.16 




0.0047 
0.0074 




1 





_ j^j-liJIj (jj^^jiJI o^LjLslJI cs^^j c*-* ^^ -X^ oLjj-IjJJI j \\ \ I 

jl) taU jL» pj m^ I I J^fcJ fl^klj <jl^j^j^ij <JJ±* J^^ «LIjIa ij*J 'J^S*^ 

IjjiS JJSI _ La> s^iLua lt£ oU^^ill .5UHJI ilSUJI ^ (tauon j^tf 

JaLoSVI 6JJ& <3f^ J J J n ~ 1 1 t£>^ <J-t^Lk L^J <jj^ u' V>J .(jLiJI l,i$j ?jj^'s II 

jLi lil .flavour 44HII ^ 4 j «~A \ II aj_a ^ ^»j S,.^ « a K LaSj <<SMiJI 
6 1aj (Cilj-6 204 j-a-AJ JJLjI <l±SJ fSpin ^j^iJIj ^'^ mil n*\ «U <JlxLtL* 

.iljlkll SjSj ^IJ^aJI SjS ^^Uj ^ ?n.nll (j-A 204 4im'tll 
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_ al i^a.11 p j in^ll ^h-Njj _ antiparticles SjLaJI cJnwn->ll I <A»1 dlla 

p j m^ II .U jja. ^1 a^^^^JI jjLj j_a Loj[ <dJj£ ^-ujJ <Gl SiilaJI .Ln^r.j Lu>£ 

^illj 'LjL^jI gjn mftll positron c jj l) jj n £JI j-a ^jj^JV J uoaII .\*ni? II <Mlai 

^1 4 1*a luVI J-^lj .«LuiAJ (jj^SJVl LafJ «-fti^vij (J^iill jkJjJlllj <lVCII puli <1 

SjLeJI (j-o lj_*. J-iii jdi ^J-^J <j-* y j "« II L° :j_a <Lxi ^Jo-lJI I \\ I r ^j t"j 
cU^j^JI Jj& ^Ul tLuJI cKJjiil oM ,(11-6) J^JI ^i ^ L£j 

jj * o"» InNAi OIjj" i I 'L J) I* "j I ftjflj .^jLiA. I j J a JSJ <OJULc ijLi tj^ f' jj-" 

Ua neutrino «Gj^j^j ^jj^HI^U ^l^JjUI JjjlvJU .l^h< ?k.Jjj oMjL*JI 
Ul-aIjjj JUJI <down quark U J q II dJjiJIj up quark j_cl .^, II dJ>£J 
C^^LI ^J^JI ^Jilll .yJI^JI ^U <oj^JI 13.7 j 8.7 ^ ^VjLu, 
«strange quark ^^u 1 ! djIjUlj charm quark Jj^ll djIjUI U* «Gj^j^j 
^Ul IjJ^j . JljUI Jc <6j>&JI 300j 3000 ^j ^VjLl* Uaujj ^lilJI 
djj^j (1995 pU i, « A^l ^Hl) top quark SjjJJI djl^ L^a <GjPj-^ 
cJVT 10j 350 ^^j <jVubu JnA ,^ ^Ljj U$J JliJI bottom quark ^xM 
Sj£,L^JI _ cKJjiiJ jil'Unll oMj^nnll AJ^J pl JULj .^I^JI yJfc aj>^t 

CjLa jJLa^j .xj II ^ IjJi JjJfl jij *<i_LLk^ V^4^ - \-*J±C-J *^>*-"j ^Ujl () II j 
(j^jAl Ctl-j jt^jj^ j jij OLji^j^^j-j 1j->tl^J2j) 4ijJLaJI LlajLo p b « a^j «1 i^>jl 4 fl HA n " 

oLjSoUI <> ^JjVl ilibdl (> iiJ> (cJjiH ^ Uj^ 4Hj^nll oUj^JVIj 
p 1 m "t Vj <(<-k-tl d II j Sa-cLi^JI ciSjI^JI t<^^^i <pjj'^ ty\) cX£Jj£J\j 
(&\2 <A.lj_uajj .SjLJJ <jj>«JI jK-iVI (^a ajj-o j^ijj ^i V| <^>LV1 cjMjUJI 
II^J J ^ dJu V ^U f jo^JI 4> £>i <Ul!Jlj -uilSJl jjjllSLJI jj^j J\ jjjj 

-'e ** f » ^ 

jj-o <GI ^j\ m S ^ hl \"l II (—11 i M i * mil 4jpU J-4-S .P-^^-iii JSJ i l> ui <Laj ^jV <1 II m 

.aju jj-A *«jIjl^Ji (j>J~ U' J a **^ A '' 
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*_a ^jaj m * nlr r' Jj-ol! (^j^.1 *j^A t_jl in mV <*lUr, P-^jjpj jia^iLo AJ^A^J 
l^jjfjj (jt Jlj_a>VI aIi^ j^-fl <jJf^Ai^-" j-*-^ ^"^ <J^uaJjl <jL$-J tj-o LLjI^j_SI 

CjL»^Jaj fH^->JJ Lo JS ^jl^ :6jjS"i m aJ A^-il jl <l-uij^JLIJ flj ini -%" *-Q-y£ *\ o lf 

(j£J <5j ini t o CjL^jl^iJI t—fljJLJ ^^^.j aJ .<jj_^jJI 1-Aj AJ-aJJ jl I (] oXd3 <jl (jjJ 
a_» «LJLa*, j^^U 5->jIaJ J^5 (j-o <JjlUn L^-JI ^Jl Jj-*^ ^lUj <Sj^^_ft-o W^^ ,lfi"*j 

5jU^ I Ia ^ oi^j ^5j «secondary (^^L5 ^jjj^j; f^*4 *4>° L*^j-^j di 
.positivis <L* iA^JI ^1 Sjj£- i*Lii tjjj * &LLj IIaj ^^jjlijIjjJI aL^jIj *L\>JI l^I 
(jJ <JJjl1aJI cjI^jIjUI jjIj Lr l^ 1 />"" LpV <*LoIj-a o mjlj <<j^j llA <L>l&lll 

jLjjl «_a a fcl auj <11jIjj 3^" ^^ fCjl^jIjill J^aj aJ->,\ Mil) S^JaJI <j¥ <l(|jlf j- 1 *^ 

MS A j .jrtl u Ifl iA* \ jLaJlVI <j-° «^jLflVl (j-* ^^Jl (jN ogj (jlfl aj (j-oj <<il m n II 

jLal^VI I m I r (jj»\* <-U-* 'LaJ^J ty^ (jLa^JI (j-o pj^. l(]jJr. jjjaJI a*A£- oM 
LAjI xlr.Lt Sj-a Ci-ua-flj LoJj-C CjIjJjJ (^j-a. LaS I fl iA a.j jj| <CjLSjI^SJI Jj-a*jJ 
|jJ /1 A,U *vj| 1 d '"j>" rc-jLxj Jj Q "**" * Ij-A a <^ iiSJl j m fl" H|}-j| * '"""' 0^3^°^) 

l»i$_j f^jLojVI ^ U rt \ II l*ifl_j LaJilLo Ci\^ lj[j .LaJ^^jj ^jLa^VI I.kiIc (jj*\* wiii 
.^^2 Ciflj ^-i 6Jj^j\ m Lo J[jJ-fi Jj^ n o II (j-° (j' J^fc a Lo-»jii <4 ^ji-v II (j-o Ua'JI 

<<ilLa-a i$S* lc* SjLiSlaJI ^-L. «TmI Mftll L^JlIj.lSj L^jLujJj £j£. J^JLaj 3 (j tl i tl" ft 
CjLS^aJI 6JJfc ^ u3^° <(>I*J La jjii <tilLlA P^^j-ti J^J .SjjJ-iiJI Sjill *UoLa-Jij 
^-fl </% II v II (j) .<jjLlsl!I CjLjjji^aJjl (j-o JaLoj] 4jljjI <t.H .nil^jt (jA* t* l() i^l i jLa-jj^aJI 



^jLfl tljj^. 6j t * m Ctl m m^ II ^jl f-aj .i-iLiSJl <LlA La_i lhmii (jJJ-" I \ 4 i iQ j cA-l 
<jjLa£. CjIjj^^ ia^ukjj <(^J^' iljUJI ^jlz LiJ^j lj|) JjLjjj-o^ <*Jj1 - LAJJ£. 

fj\ ^l Uj^uilj 3^" ^ '^J^J^^ ^ <LL*iijJI ^£. c.i% /v US Ij| ^IjLa JI^j Lo _ 
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^j^Sj (jl y S. a .t J-Aj .4 4 1 1 ipjflS II ^jJLL! <JLluj-aJI ol a t m^ 1 1 4-fl_LiA n &J-^*J 

Stillj^ cAjjj^jJI £>j£S J-*J *iiaSi ^"Ij pjjlJ ?ql"A o Lftjj^j oUjj-ojiJI *. m-% 

l(| irili -^„H (<-"' ^HJli^jJ'^5 OUjJ-aj^il A- ift^i (Jj^ (J' 'J"*" 3 *' Lf 8 f (J^ n * Lr^ 

*j-oVI I1a *ul*j IjLa f fl-fl LiJjl IjI <j! wUj .JL^JI jJh I1a (jt^j LU js^ 

>fljj tjt 6^-°f *-*J^ CSJ^J < jlal "Ci II «JjuaUI Ijj* (jl,^^ (^-N SJjjuII I m I r ' r <>j$ 
6 i ^ '^* a ■ ■* \J a 1 |_| mfl i t * <?« £ ^"^ * * . \ a t t 1 * «] * L \ * t LaJ / ^ * aX * A fl 1 I jLb) >JoLj-ljI 
V jl jOjj pLjSiI (jjiJ CjLBjIc jl -yjA <j^o jiaLjuJI L^j ^ n" j ^^jJI iSj^kll 4jLiiJ 

jjjJjj .f 12-6 J^ miIm I imJ m a J^-*J (pj ^** II t£^* (jol ftf Ljj «Lujjjj J^2k| (Jji 
J-AI iSlaJ Ij-a* V*-^" <Jf >>*"■* '^* (J' ^JLjJLa II j .(^uJ-uj-o ^JJ *_j^aJl Jj^a^j i-u* S ^ 
La-aj .£>JL!i Jjlj ^1 Jj_uajJI ^.U: oiJ J ^ L^ Uj <n> ^-oVI t^J <J-»-Jl ^IAj 

.I4JLAJ itijlj V (jl Uj^LLa jOju 



li^j. ki^lj ^i hi-^l .12-6 jiidi 




e^ lH 



La^JLj l ft()jfl j^iJ {j' U^°i f (j^J^alaj fcojjij LjJfcUi jA.VL 



.^•i*JI 



gauge ^jLjlJI ^tLllll <jr a u n ?tj^ll ^ jhUI <iiV Sj^^o La.^ ioi 
ujL-ujV s^IjlaJI ^t^j < > f -j^JI j 4 m^H <xa uiill aIa cjj^f-l aij symmetry 



( char JLo^Jlj strangeness til^iJI Jlo pLa-uil UjUi^Ij ^j .tuli (jjiJI ^ 
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<alkljJl ol^tLnJI t>o j^Ij jJb ^LiaJI >^LiJI .interediate vector boson 
^jj^ t£j-2 jioLljJI \±4 i dJj j--oj .1 o Ll *a*i m »Jj1I Cj^j q1 cr' d*^" ** j J ? fl W 

.6jJJ! J udi fjC d)Lil!l ■ fl Jli^ * jioLu <jV << f&*k \ 6jJ info (^jAJ 

<phase Uj^ia ^ <luoU <^j-<JI <JI^U .wavefuction <^=»j-<JI <J1aJt «la-U. 
IIa Liujj ...« ,Vsll JjU ^Ijjji >»H t^l fcJJjJ oi^? o' o>* <^^ o^* ($jJI 

fc\ ^i <l=^^aJI OaJt iafS J-^ 51 ^J <UjLh UIj^J ^1 <LUI t>o ^klldl 
Lf-Lolj 3la.j-aJI iJIdJl Jj^*J ll^-a-A IjJ <«jjLjji £xaaH <J ^jjl Jl^jJI jA iUL 
jji» (-i jjJljJI r-1 iAjI u-j-ujLLoJI fj^a <j J\J " 'J «^ ' "^ I (| * J j^a ^ ^ JJ (jl <Jajj-Ju 
J£j£jl) I Aj. ... ^LaJl Jja* «Ls^oU <jljjJ «JajJ^j (Jd^ 3 p J '"^ ^ ^^J-*-" ^JI^JI 

gauge £jL^ Jej^^ lt^ J 1 -" <ie>^Jl ^-H^ jj^" Je^-*^ ul • (13-6 
jJ ciil dli <c^3 ^1 ^ji^laJI ^Lilll oljlnf t$^l 6 ^J .transformation 

d t p tl 4j * a H .~A ...I *oti £>* Cti^ LoJ *JJ^aJI J-»JJtlj ^Jll Hi'tl J^Lk <*lj nf O lAnf 1 
Cx£ Ijl L (1$ mi> <l^>aJI <JIJI ^ V *<1^><JI <JljJI J-^-* ^ ^xIa1 ^1) 
^Lfl O^- J^ LT* ^^ jj ft ^>* Jf^>° P' J JL^ ^-4^ '^b *^ f' I ** J <" CiU ft 

iJo-Lul^j (^jIjaJI Jjj^IJI o! '(5>^' s J^*^J *'^f' J>^ cr* ^l>" Jj^' ^ 

CjI i I n 1 II fj^a 6^-AjJl 6J-A ^ n iii'i <jJLLiJjj_i£i <Jjl ^ ftJ jJoLlj j-A CoLi Ji,.\ j ft 

du^ <U(1) . 360 j c^ti (^ *^ <Jl ik^l^» jjiJI JJJ1I-; _ ia^LnJI 
SjjijJI» SjLt (j[ . jf*J l(|jlf \jh Jali Sa^.lj d j ii^>l -*% <Loj ^jl 1 a-SjJI jj i mj 
Jjjjlj ^pit Lijjji ^l SjLii^U j 4 j U I iljjia c^j-^u o mjl «U (10 Jjj-tLllJI 

. jJJlLo (<>l-* (4^u Jl^° J-A **-^ at 'j9 * "'J 

1_ujj (<AjiaJI ^ «£-lc u.<-%J «e' j^ft J-aLc- (ji ^^^^aJI <JtjJi t-J^)^ (Lo^^At (j^kJt j>jt* Lf JJu (12) 

.MjJjb i_J^1JI (kJ^AAJ jl^' J^aajI f-^jj <Lajj-w bUJil J^a. helices ^JI^UI Jlo <5jl1ju> 5^?"^ J'j J 
<j_^LjJ1 4 ft T.. H 6iA ^ m, ; "j .((J.ia.lj) «Unitary» ^ J^V) ui^aJI jj* ( U-.Lui Li^ij Lo^ *U ^J (13) 
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U .JaUci ^jm, ? 1 <1^jhoJI <Jllil c5^i*J» JS-iJI >*J~ ■^j^ 1 c^L^LLJ J^ .13-6 JiAH 

.^li-o J£ jji jaili cjMiij L&jjls JjJJLJ J^t 4^^-aJI <JlaJ) jji*i"t *JLj^ ijJAji (j ^ '" ^ JaJaa^-JI 

<JIjJI amplitude 4i 7» <^\j I1a -jj^\ w >jju ,_,.][ S^Li^U UjLilil &U^il J^a. *Li.j-aJl Jii LjoaIcI 



- " ** # • 

<jl ^ilijj^j-iS. SJjLsla (j-» ujILIjj (dlJj J-aaj UjI (j^sjIilJ .(14-6 Ji-tiJU ikij 
dij,^ i ^ Q „i j Ijjfcj <U(1) Sj^jJI Cil j U f J^ plj^l jji-4 gauge invariant 

^ jSjlilfl -jf^ *<^ j>ee O^'j -ikSi J^ (ji j>tJI ^ iitLL-o oLal/pl 
.ibl*J Jl >l i^ JUjI J\ i^U, <>i c^fiVI ^^Jl \*t* (^jLaJI j^^UI 

^jl a l\ 't* n.ll lj4JJ .4 J uijjatll ^j4^ ^^ A>?*J A J I" ruj ^jLaJI jAAjMJI «lillvtfl 

jJaLlljl £i\ i I n r Sj^aj d a «" ** f^iljJj^>-»Ai <JjL 4 t -aJ ^jLaaJI jjtSLj^UI ^jl LajIj 

^j) u^j 4^jJI JIj-uJIj (A * luaLLIJ a j0^ 6jJ 6Jj^.j f,. ^!lij <U(1) LaIu a ml ,Ji]t 

^ Ja «tfl ^ckj^ 1 -" Jf*^^ I .Aji gjtU 4^>^VI ^^iJI Ja :^a UIaj ^1 3ii* 
o! dij^j CiLofJAiaJJ ii^^uJI JIjjJI ^1 iiuiL oljhJOAj JLkjV Salauo ^ ^%^ 
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i al't^'t ^jjLiAj jjiaW «Ui jfij .^cl (^J^ J^>^ c'~ u ^l kU->«JI lj-4 ^ LlJjL*. .14-6 JiAJI 
tjnfl'u JjlLo ^*.j-o J^° «^ '^** J^ (j' t^ljiilj JUj-ojJI l'ilft uu j5j .( jjw 1^1) J s m H ^^i u^j-* j-* 

•Ij 5 j ^?-j f^*-^ ijLi*^! Jf^ 3 ^' 



^M-uJI aa£.j <(1933 j^U i£) S. Weinberg d^^lj <j*j" <.. j^! jj&J 
^l Ijjfc (1932 fU jJj) S. Glashow j-^iLS jjj.t1j ,t,j ,(1996-1926) 



rJj-alll kj^* ^l (^d l nf i£^j ^1973 aLc jaju 1^1 11 j <Tj mmUI'iii q > >^J1 (j^j^JLI 
oLlajJI S^oj <jj, -^^ Jj^^H «Sj^j-cJI (SjZli Standard model ^jLt <JI 
Ijill oj^il ^1 U(1) ii^LiaJI Sj^^iJ jUJil ^ Uj^^l ^l i^L^JI 

,_A <oU(2) ^ a mm OjLijpkJLlJ IjljJLslj j-aS| (_£j^aj <£ j) n^>flj ^d * '"J^l li rt j j^ " 

<> g\U n 'A\ JLi+1 J ''V'.' ,U(1)xSU(2) <*j,^IL iiSi tfiJ «SU(2)j U(1) 

A\\ m" S^ljJl j^JJ JajJ ^aj^ ,Ajj<H Zjli\ Lf^j l-H^l *^j" '" n ^Lua! (5J-SJ1 

PJ-i£lJ «LjJtklll (j^o U(1) A mill i—i t m i <^ j M iAj^JI 6^UI * * A< ^" JjiT j 
4-|_aJLaJI C*Li jij^Jul )) ^c-A Cj\ n \ ta-\ <_t^L» p-j) iVi _■ i ua^lJ SU (2) Lol .C*Ljj^jJ 
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^ic <JfLo) ic-^J ^ f^Jt&JI «UljjVI CjI nj in-% H 6dA ».ua I j .«Uji* ft idLj^i 
4^-il" i n Lil <jL£ LoJ-lt 1905 aLc ^jjjjJJI t -4 ih'^I J-3j .<JjLj-t CjLjJJJ-J 

W cilftjm^H U f (7 Jirtill) photoelectric ^L^jSjiJI JjaUI g-^jpmj 
CERN j^j^ui £^« UW ^Ul vj 1 ^ 1 J^ 1983 f u .r»4>rr»<3 j2j Zj 

.l^AUJJ UU 

W a j M^aJI 4±i£ (jj j[ <Sj^ Jj£ ^j - Zj W Cilnj m-sll £££ Jjaj ^-aj i ha 
^jJJJ^jJI <-ll£ ^ ^j^I Z |» j m-% I I <Jl£j tb^a (jfjLaj Jjjj^jJI <li£ ^-a j^ 
j H M I M 1 u3l j n Jjl£, LLj'j <-"J .(JjjjiJJ <JjS ^^^ V (J^- ^-^ - £j-° (JJ* ■"" 

jjLlll jU <(^jjJ1 Jj^aJJ jnniftll ^tLlllj <QjjK'tll isospin ^jjiklJI ajjjjJI 

Higgs jSjj* JJLa. ^.n uu >kl 3». mZj W pl^m^H J^-Uj ^J '^* jtlnJI 
JiHAJ ^Jl fjjjZj^iMj ^jjjJI <^lll£ ^i ueLoJI tf>*4 La ^ i ^Aj < field 
^1 SjLJI l-jI Mi"t*sl ^i j^jft <jJI (5jajj 'o '"jkl *» <\>fr£H J-i^JI £-* 1 ftfl lrl&"t 

ti^LAu* <lJI cu^jlSI ±*j 'l^jiSl c^UI (1929 *U jJj) P. Higgs j%a jIij 
F. Englert ja&[ l j —^j a j R. Brout j^j j±>jj <S$ ^ <<ajLJI <jc JMSi^L 

a-a JfiLftjJU IjJ <<-aJai-o JjJLaJI ^li <A_±kJLj .1964 aLc J^lu^jjj 4 a nl ^ ^0 

S^JL jj^jj^JI (^ic iiiio L^Lud^j cjLjjj^ill ^ j j^i" H l "</u j .cjLjjjjill j^j 

jjiS h"\ II LWKoLj ^jV < jfij ft J^* («^ 6jj.o,lt.,aJI Cil a j ui^ II a-a LfUi>^ *tc-""* U 44 ^ 

W oL&j-LoaJI JjLuil^l ?^ jTt II (jJ^J .?4j-> iA^^JI SjiJI plU iiij ^Ja <jkjliILo 

Jj^-j ^ir. i LJjjlj <Jj^ c-jl m'^lj ^laLlll jl m's'tV jj-LuiHI IdA <a ir> ^1 
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i— lfc Ij-a. i,H »fi» jj m 4** ^^J 'A>^J *^J O 1 " Jy* (j! rtj m 'V (j' J-* Jj^' -lj^-1 
i,\ i'-fcjJij Jj^j i Al $1 (jT^^ j ril \"\ 'l gr 2fc T%, (jl dU3 £ *Uj-xJ Cj' n j m 'S 11 A-XJtJj-i-fl 

Jl» V Jjjiai <<^aJI tilfc O^ •'** Ijlj .Ijl^. <b^3 <jiu* <^Hj j * uuaLLIj njfl^ll jjjjjlll 
£j_o flJLl <* lUS 4 *jl * « 11 ol^jjj-Ml <jAjlj yr'tnl jJal 'i "t II j' itiS*»a <LJI J^_2^j ^j_a 

g' j mo (£1 * h" ml dj «Gl 4-^jJ <_T* *>Jf^ J V^ ^ n J "'l* UJ~^ (1)' (J^ n J a «tiUj 
CjI nj »n^ II pL/>ji ^JLc (jlj liA .l^jlf j>tA-U 4-ajMII iiLkJI £j-L jjSfl ^^1^ 

^111 Fermilab ^ >^tflj <CERN ^ LoJhj^l _ (jl^j m o jf^laj LJU> jhVn 

■ J<* A cjLa-i-co^. £jC ijlc] <LA*JL £i±2* II (j-A^J i5U» UImI _ j£Kj m <_>j£. J-flJ 

pL^f-fl L ^ £ - 6f^ *^J ^^^ H 0L9 'Wf-^ j>>*-"^' cgj ^j " * <L° J-I^h <_r^? 

dal^-oLj (jJ^J <jl uMj .51aa1 L^jLaj jj^I (j" 6 ^"'j c*"^ >^' SjLcl CjI rtj m -v II 

,<u j!*!* SjUJ ^UJI llA^ij LiISj jjV <.^ % ill I1a <loJt1 dljjl 



(j-o L-^Lk LcjJ <<4^-jJI ^Jl iiLuil <dll o" oL^jIjUI (jl JLa.ilJ ^iJUJI 

m, * ■* « 

.cjLjjj K II JjLaj < U mJ^j (jAjlj p I ^ iA* j J-tLilJI c j^o I o *i*s o" <Ia (M II 
jw ft-^l a5j f^MjJl «ii^Lll qI\^ m II» ajJb ^j-o ^l dlMj-ol *Jjlj^ (Jil fJ^AJtj 
(j^LI iiilc V j .colour UjJ cjI*i^ nill 6,1a 4jq »<«" (j-k. jjj <.ij jj^^L^jiJI 

C*ljL=kjVI J$j -pL5jj jl <plj-uai. jl pIja^ (jj^ a5 JjIjSJ ijJjUI <la> mil <jU 
Ql jl -v llj '(JJ^J-^JI ' ** "j ' Oj-^s5J-H' i — ^v^-* (A'' oLujLjJI) C^LSjI^^^JJ <-fljij-«-aJI 

L^jl :«pI u^u» lj _a /cjLjjj K II oiS^-* cr^-" <SjLuo-aJI cjL^jI^JI *_« cjl£!jlj£JI 

<Uj^J <la-iii ^'BjTt (j! (jj^ 1 ««(j^lj^JI» *^-a ^-"^ cr"' *4^n>^' Cil'i^ <till ^j^o ^j^lA. 
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.< 14) i^J| j^Vtj 

j\\ % "\ 1 * ( jilijoJ! *1^J LiiLi <j^l jJJ o^ -6 U^ 6 lA>^' U^ij- 3 ^ ^J"> <P * <L»j-Ua 
fS^ajJi ^j ^kllt LlJx. f^iij-15 jir.1 ^ (^111 iliJLuiJI SjiU SU (2) }L±S oiul 

<<J-la3 ^SJ .SU(3) SLo-jumJI «UjJoLllJi oLIoji II S^-aj (3-Aj f l^)f^ -^-T jj-A ^jlJI 

^ * ,. . . 

<blt ftll ^1 j^ <iL^»| ^1 i^L^» ^!-* 'l-*j 5 «" >i^1 j-* C5^ <(^jLjaJ' J-t^r^lJi 

<jtf d_lj ^1 i a ms! .JJljJ iii 11 6J-L11 ol \ ir\ *-\ ^ju-Lj ^-flLooVl J ^ 1 I J -Sji J^f 
^j <^j| mi rt II ^J-C <_i£i j^Jlll <LjLi_SLJI ^LjjJj-JI ^Li <SjjLl) &Aj» A-kjSa LaJ_j_C 

{j£. lijj .n n ,11 _ Spin-1 _ 1 ^jdlll olj iliSJI 4-ajjjJI ol oj lua K - oVjLjljJI 
tjl i «j< *^hLj c£>* ^*j ,, "^* t j^ < ^ ^ - <^j-L^JI ol^jl^-ll o^* Sj-SJI J-2-* 

La Ja, ,Ji JlAjlaj jjLiLO J^Llj <6j-oJI &J-A ,-i <j-A (5»U1 - 4 *J tUlt jlaUS aIjU^I 

LlLLj tjl «di ittj.^ ^Ljl^ (5^-* ^* >l " '" fi <^ cK*^^^" u*^' l'y^ v >j 

^J.uj^Jl ,t i^ j" iijLua-o La j ^jl •_5 s< pA LllLi idiLl-A Jj^h ^11 J_^jJI ^j^a f- jj ^^i 

# ** 

fj\^ja ^-i CjUjjJ^JIj OUjlllll J_L2yjH J-^J fLa^JLfll^j La j f S J- > ,. L^ i J l J j ftj^ iA^SJI 

6jja ljj_ilij-a jial \1 II ^JijSj ^jl J <ij -% o 11 ^j^o ^j Ij-A .OUljj^ II <L*JU2k. (j- 6 ^^'j 
5j-Lll ^jl jL^Ja[ ^_fl p. -^.JS.ti.1 4-ij k>LLJ CjI j I n r bj^*j £y-i J-S^^iJI I V*S njj *c^«>-^» 

oLuj-o j([ht ^aJI r J U ih II J J \"\ f\ J_A I J lJjL*i J-iSl J S mi ^_fl ^>ii ^ ( j^jJ i n rt 

: JjjVIj j-i^Vlj j^VI ^ 3L^J1 5^?-^ oLiLi, ^ Sj^^JI o^i^iJI Jj-JI JJ\ (14) 
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j-bLLo i —H (gj^\ V» S Lit\ jl Ol iftU (j \ M 4 *>S 1 < j UI J a 11 jjAjlj ( _fl p! i ii J t m a j 

M RI *" 

Jjl^j a ni^ jjfellLo <_A JIS itiVl JSi :<_^j^.l 

grand unified theory ^ aU»II sll^-JI i-^kHI S^j-aJI ii>tlll ^o m" 



(^Itl (j-A ^pJI Aj-ojJI ijjJt ^ ^juiiji-o ^^ (^LJI ^Li ( jVI t^^j .(GUT) 
<a^.j3 ^-ic cjjLaJjl jlcLujjij .«Lill^o oUJjIial 6Jlc jju-oJ! lajb _i f^j <lj-UL£ 

4-AJ-fi *<LLtLL-o ^ UI \ a (j-fl 6Jj^.j-o CajL^ fj\ JJ-J CjLjIj j ^ II A \y\ -\ (j-° 5A^.lj 
^L^l ^ ^Ij <SU(5) Sio hiaII *^^UI Sj-o^JJ jLA Jsucuj] (jl .(J^U A.AVI) 

S^Lllj ( U±* ukl\ IjMj «S^d^JI S^LU S^UJI U(l)j SU(2)j SU (3) j-0±I 

10 (jjj jJlj <jjjj^>jJI J^^ Jj-k u' LT**& £c r^>->^" LT^ f<< J "'J U I 1> ftj -f^-ll 
.<G-jlu 10 £yo *_* ija lj_A j n * Jl Jj-la (j' Q * J " t-jjLaJLll ^' *i-»J .4 'i nt 10 j 

Ijj ^iLo jj£ Sj^Ljj Sj-0 c^^ oljLpJI U nnt jl ur l[ ^JI^^jVI liA JJ-^JJ 

^j-fl j i iS ^>-i£. (*l mi 4_aJijJ «_^oLjj_±JI tt 'N \ Ijlj .J 'S f t CjIj UI *t*i <L^luIjJ (jVI (_£j_aJJ 
J J, \ -\ n II j m Jl J v >UJ gj>^J '"• *(pI a .U II <Lj i fl i^'tj ^JJI JjlilJI P-C->J <*iUi 

.8 J <^i4ll ^ <ij\ lhm 

^jjl p joj /<-A^ 'OLjjjJ^JIj CjLjj't 1 1 11 (j-a oLj^^J-oj^JI (j -6 i *«" a * \ ^ ^jj^"" 

■j ^ 

Ql aj iii^ II L^JLfi a i i" fOlJjj^jll <i-ijjx I i A i| iJLlA .ij-a.lj 4Jiau-a ^_i « a ^1,11 _JI 

I-& rr a nu,j <1^-ixljj CjLJ^Ji^ yr i < rTi 1 Lst-o CjLj^J-OjAjI ^J^ (C^' C?^^^ <JLi!u^aJI 

5^5 jj&LU-o ^—4 (_^^ill aJ-a .L^-jIjI ^c j \ \*~ IL cJ-jj-i-Aj-iJI oLc j a ^ a I iiL^-lJI 

^j-a Lo f^J (^ *Aiclj a 'N <A| iijJoUjjl CjI J a * 1 1 3j-oj Jj^J (j^ Q * J^ 5 l *^J 

t - ^ 

<»ij-n i Lo l j i iti j^Aj - J i f Ijg ,-> "\ tAl rjk fi> J J t " a _ Jj -v a II /—LLljJI c-LiAiJ! 

■\>*J rj^* '"^ Cjbjtjrt pl^t M«^ 6>lfll mnl «jIj ^3j-a *Ui (15) 

http://www.georgehart.conn/virtual polyhedra/vp.html. 
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supersymmetry group JjUJI ^lull oU S>o>II 6jj* Ji* <j! UjU* Sj$j^ 

JjJLjaJI (j£j <pl n \ tti's 11 IfaL^. <2jLflju«& JjS Jj^bj - _' * "■ I j hl M 11 jl mVll ^ya 6j_uS 
Ijl^ .<jjLLLo OIJ mm 4 W\ 'l 4 cljJjuI C" a * m^fc 'L* j <i^>*ijj jS j ^ (T>1 nj m^ j * *% 1 

oL^^jlll f^-* JJKlIl <j\ : : * ^J supersymmetry J^UJI ^tUiJI - ^ *> 

<pl ftj ni^, llj ^£j^fijJ (jgJ Lijjb^jx jj t n" 11 J t«\*t m n H ^o p t .t.ngij JmJI* fl < Ou J j^ajIjj 
j, ^ * * J 

.jIaLoL) J n-ilflt (3^ J hl 11 Hj? <ti-ualjy j hl 11 ll .SJl^Ij In mi f- i e J ^ i J-^ s3**J "V3 

(2)511 .1 ()"no ft>1 ^-ic «Li^S oljLo! aJAa (_f4^ <Sj£LflJI 6J.A i.fl iii^" ml <jJ^J 

(_£jJ ptfij^iJI P-Vj^fc (jl .iij^JL-aJI Ql a wii^ II r^jLoj J^a^j I iAm) \ tlll ijjJaaJI 

1 \jj"<i L 11 (jji n t ^\ j ^jUI <supersymmetric prtners jpUJI ^bl 11 II 

ol v jVfrljlj <sneutrinos ol \jj* *j Ulj <squarks ol£jlj< uJIj <selectrons 

« ili^i <gluinos oLLjjKIIj <Zinos ol^-^JIj <Winas c*I^Xi>llj <photinos 

^jLi 1AJ .spin a^jjJjJI ^ Si^j > i ua-Lj (jjjjj LUJI L^_jL$j-_ii ^j-c- I d * j » •> 

fi ? * & 

:,— A << K mi n 11 j .i k utalJl ^^Luja LajjJj (jjljjaIj <Lijfl i^ Lajjjj *jL»-o <^jjlSl ml 
Jj^JI (jV) Sjj^j-ft j-i£ L^-jI Lo| jJb ^jLaul ujIj^JI Spl n t m ^ 11 6J-A <Xa»^ (jfl 
(j^. tj^Lc £-j-llla (£l J-»-aJi ^"J^ LT^l '"^ ** L 1 ^** 1 W^l j' <(>tlJJjl (3jLfi l>"^-1 
<<j ^rio" iojj JLo-aJI (j^Jaj Oa£ lj[ i*l t^ I <dAJ tliljjaJI «-flj-*^ wi^l V .1 ^ ->llll 

*_*j .^JiLiuJI JjU <^i ^j Ja^k J^-°^ fJl*JI oIj jLSI^VI ^J| Lc,!^ uj^* L^j^ 

.aJjJl ^i *IjLax <j^Jj '^j- 6 >* jLil£.VU <tdlj 



L&02I.1 .I4J dj^lji J^Uh. 1^ ^h^V Lajjj <l o'* d T'lj- 6 lljlr <l&4_o <Hjuj1 aj^. ifti 
^-i i r \\ mil Jjaj 1VI ij^fc >^jL11Ij SSjLAaJI SjLoJI ^^Ic SjLoJI <j ft J d ■* IjLJ :^jt 
^.a ^jjS joS j^^^j /*-fl uj > «"H Lo :^JLijIj SoLjj-a-oj-LII (2) -0 oiO-c ijL» Jj^j 
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m* * «* • 

^l IV»Uj ^ <£.al^o d^ S^5 illiill jjjj laLJ :j-j1>IIj S?jmJ n.VI ol ajmi-%11 

jiaUl» _£ 4 1j iiiVI 6JLA gtn^ £>£. <JJ^VI (j-0^* Jjk <(£j3 ^C£j-&-H {J ft ? ^^J^ 

V OV (^tLlaJI J-ol^ ^ju-J tl'tjflj <«U£1 <^IiLiaJI JcpLi (jj^f d5 <l 'i m ^ 

«LjI /c-iC- t£j-3»' J^Vj 4-MJ .5jI <jC> a .11 SjLaJlj SjLoJI ^j- 6 *Uijl m*i n ^jjLLo (£J2*J> 

^ij Lk^jj elJj <jj£j aii :dJj ^ ilu mil lia* ^-fl>*^ ii^LaJI ^1 ±L] V 

<ji>j^aJI v j^" /l\*>"it 5 ^LJi j-&^1 J^^J •UJ^I i*_i_iLJ LLjjoC Lo^J < 1^ i " a H 
jj't loVI (j^J) n ^ II OU-kj-&» J 'V "i" J .(2 J-i,<*iillj Sm^II pljlrtf A^'i /c^JI j ^(| oli 

<jt <f^Li^ iliLaJ L^Il^o .>k5U mirror image <jj^ JL±^ U^lo J£ <<jjKm 
* * ** * « i * 

JjJLj Lll l^jl mi A lj_L*_* I flJ (it *J\ (g] :A"\^ \ <Lfljl tS^ ft UJ^ ^-^ fdJj UU m i_fljJL_l 
OjLui <Q-a CjJlI^J» /e^-ll ^J^ 'l P' 'j '»VI J^J <4^Ajl i il J jj*1 Idfll ( j^ij) ft^ (JLoJuLajUI 

^1 pL^VI (>o VI 4 j '» j nV I (ji^j a ^ II <jjL^j Loj <(JL«JJ ^^IJI aUi -**V* 
j^t V .right-handed ?j"*njll <jjI><JI Laj^*-© j-a ^Uii ^i^l Jj*~ "'L ^^^- 

^lalLI LliVj LliA. Ijf-i UJ^J rM ^ J^J-JI (>» J>SJ <<iiLaJI ^ C\\ n. II cJl^AJ 
^ ntl ml P/j-^i» /Jl <jjLui_JI C)l a m II Jj-a j-1 "'l '"" fc3-A ■_* uU ^jI^-oVLj ^Xj t Cj' 

^L-luI <J (jj^J JJ (oLj)jj^JI (^-o tjf^ JiT IlAj) j-uiiJI C?J-I ^ 't ftjJl JaJI Jl n^"t ml Jj -^a" (j[ (16) 
JUlaVI (jJ^J j—ijVI t>^^ mt^ 6fJLi^t J*^ (^i J^l c> d^VI Jic ^ ^^^1 &jj}d 
.JikJI JasJI V ^1 <5jJkll JjJI Jl^t" m, I ^Jt jjs\ Jjdlt J^* ^U-aVI pVj^J .jjjl< (JJ ^j^5l 
4jiUU| Lji ,rtH ^ jjj o" M <JjLa-a (ji -U^jjVI ^ftUlll J<j^ II jjif. cLluIjJ CujaI JJj 

pLLc| ^1 <^UJI {jc Lii ^p^i-ll aJI j Uvin. l (jl ^ <e^ c?^b -<j^kiJI Jj^JI t> Gja^JI 

I^J^aJI ^.Ij .-LjjklJI 4j1ojJI JMk ^.^Kll jjial» ^ ^UjJJ ^ ...A 

http://vwwv3.ncbi.nlm.nih.gov/htbin.posVomim/disprnimP149900. 
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<jL£ \j\ Lo uivJLjJ j K.,mftJI AJlA J-^. I^p^ LlltLoiJ LLoJ <jlj >c> .Al flll ^ 

<j*sj¥I ,JL£ 6J^^j-aJI OUjt i A* H dLt L^j a m" ,-jJI - < t'nn tll jl 4jijl mu II 

*JLc ^ Slop-sided *U m'iVl ^l Ij-iiLo jJL>JI j^Ij <ul*i ^Ul U 

jl 6j-iL-o uJ^JI ^ jialj U£ lj| L <juJI J^SJI IV^^J V «JiiJLJI ^j .Lfl uijj 

*U cu^l ^Lll V J>"I1 <j-^jcj ^Li: 51 ^1g ^ .conservation of parity 

._jlS^ c-i j s'm <jl til^AJI ,-fl <3j;j-40 (^yttAJ ^A tjj^' 

HjLoj a a ■ -** * J-*^ ^^>^ Jl n't 's I j-JO_* i i 't' S o .i s iti 1 t\ jjt aJLju! (jtj^ Ul 

JjA-i I rp'tr I jj Lu-jj _A <1 k 4 tUU ^lSi^aJI <JJ^J» <i i t oj j Ul 't" ft a H C /c-flj .1 >A J 

j t nit <G|j (j -6 -^' LT* ^^ *^' j' <aLoVI (Jl Lujoj j > mij <Glj <0 (j-o^H' lt* 
<j t 't t iiis AjU f/sl ^jLi (jl <^1 i ^LJLa_>j t\,\ »Jls*> j-iSl <^.^Jij .1 ^'s II ,— 1| I j 't tsj 
(j\SM I (j t fl AjLnt (s-^JI ^ i ujl^JI 11 «LjlLclJlJI JjLaj <AJj\ s CjI <vj m -s ^j-Jj'sTt 1 
JJ^ V >A ^tUlJI IdfJ ( ^-15ljJI ^ikju-^JI .<lL^sVI CjIoj nisll LijiJ ^jUj MiS II 

aU cij^ ^1 vj 1 ^ 1 " <> l4^ l>^ <tie-reversal invariance ^^i\ ^ ...<f 
(j^ojJI ^LaJl ^Li * cjLo-a-luoJI ^ 5 j j s <j-a <jjLa SjjjLu^ JjjIj ^ <j! 1964 

<5jl uauJI AjLJIj 6jLoJI J^j-» j kl *t**t^ULt Li-Uj LLLujI IiJjj-a aIs nitVI aJCj .a^ r> 
( S LKs II 6JJb Jjjjj *-jl*t't utj <(j3^' r^J^ (J"° LT^J^' Cjlks III Jjt^ Lluj (5JJI 

.8 J^iJI 



^jijVI /^-^ Sj-t-aJI A^aJJl ^jLla-ii t<Ju* j ij> "fcj (jl ^ij VI (j-a ^-fll m a H ji»^ < j J* 1 J ft J ^-*^*' 

.kaons dlijjKll ^j *k <Jj^lJI oI^jJjaJI (>:Ka"i) JN^a.^l (18) 
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I U n't <Loj J ii^t-o ^-o lll Jj V tikjljjl aIa a (J 4 1 j .^jLojJI ^ a!^ rM*iVl AtAa-j 

J^j Aj^ charge conjugation <i^_£JI ^\jil\ J^j^ ^U^^VI ^j& <> lUlfs 

i* * s * t s s t * 

(j-i-J JjLlj <L_l_2 ^jaj I * H r Jt-flj^ILi J-l .jl iAi o II A a \ t a y * j m ^h J-S J "^ n 
uJu (jjUI I j I ■ o I (j-»-» J * fl ** * * J * > rt " H (JnA^Jt mil &jl i A a II CjI ft i m^ II j Cjl a t «h-n 'l 

|jj c <La AJI <jl>13l jf*^ Uij pj*" ^ **J» iAII S^illi .dii£ ^^ Jl^JI 4^ 
I « I" ^ Kjl uj liLLuj ^ ^j V SjLJI J^ o 5jI lAaJI SjLJI <ui Ji»J LJLc <jli 
{j* x \\ .x* 5jL« HL^ ^J^aiJ «LuajiJI <J&lli>.VI Ij-a I j ^ 't a j j) .aJUJI IJu ^c 

.(i^ji ^kii «i^ 1 J^ jJiiJi 

i\^klj ^jl >— i Sjl i Ai a CjI a \ itt-y ,—11 CjI f\ j t<i^ 11 j j j it " J I j Afl Ijl Li lu 'i Lo jji-») 

\\ m<f,j (/P lilii ^lu) Slj-o ^ aJLxJI Ijj^iiij t (C ^joJL Ij-a (^Jl J-o^1jlu) 
L^^iSl <jjiaj ,J ljl*r> ml «^'inj Ij-Aj .(T ^J»j-aJL* <_n*Cj t£^V t>0-" aLajI 
^i f> mi "< a ^£ JLsJLfl lll .invariant CTP ^liLL^V ^JL«JI ^1 *Pauli ^jL 



l^j Llxij ^^jJI CjI aj <n^ II <llLcLa.yi iaujaJaJI jJb 4 -y I La a II tiljjJ-o J'j^J S^ ol 
P I m 't 3 "'■ * * ui-a II pl_»j_i_S ^—J Jj-H AjLl.^. J j) fl ^ <_o_i <l t II ~\j 'T' J IM n " (C-'i 
j i m! t a ^jjj^Ji jl n^lj ^LiSJI I^Jl (J^f *^ L^ 'V 1 ^^ <*l I n t di (J^Jaj p jj-aauo 

a j m^*i ojjj tri \* 1^*^ o^^' (Jf^^s^' tl^ Lij'- Lu au^Sj L* ^-Jl Uj£. IjIj .<J 

a j <Al^p-fll fjll <<aLojJI AJjfc ^—fl Aj-a-tiLl o' <j^ n J C^^-" (^J-aJI p t a ^ "t j <6jLoJI 
A-gJ Ji-cu CajI^j . U 'j ML <l() i-> im ji i^ll <LaJL pL^iil ^j^lL-l^j a ^ *t| o^ A-1a^AJI 
bjJblb <fJjJI <-ojJ*JI Jjl^jlj^ilj CjUj*itlll ^k J^ili o^-a UI -^IjJ lalilll &J-A 
a j mVill ipL^jJI La^HJI fj\ (jojaill .dJj^ O mjl I4J o-ajlLJ J^J .JaLftj LfjL 
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£>— JIjIaV J^^ .15-6 JiAJI 

i 

L% a* l ' 4JjiAj I *** i *"***■ * , J il * i i ' i a 
.^1 



(19) 



Cr 4 -A^' ^J^ .UL^k ^1 j .h mVI <> j^ ^L^L* ^Ia: ^l .theory 
L^jJ^jJa ^j, ft.tj>,"> L^-jV rfj 4<~i 4 H t jua ^ LaLlLU jJxJl j-LLajJI g^aJ £j_tu^3 

10 J^"') tlUM-j Jjia ^ 4^->^ SjiljJI jiai ■ a ^ali :L±^ J^i-ua jJjJI .ijLAjial! 

[jJS jLi Jj^ iaK M«i cj 1ju <ijLuJi iLcL^JI ^ Iaa. LJS ^[ .(7 J^-oiJI <jlo 



JlJ £l i 



.AjjJLua <JlLl£» J"Ji (j^ IjLa* Lu J?* JL> W"\ L^-J .(jun mi (JJ~J-* lM-*^ '^Aj 

******* ^ * j, •»-■■«• 

U: Jii cjUjVI <^ j U '. I Llijj .j^l stiff (il^uUJI) 4_JLUI jLSjVI 

^^Ia. LtllLli ^l iilLL^JI di aj .h^ II ia/o J^l^ <jJl^> rtll UjIJ>1aI LUj! jiJ 
SjLj ik^l^ i Lr -i^ iili^JI dlnj,M ? ll J ^11.] V U .(15-6 JiAJI) ^^ 

<JI ^Jn «LaJl^A 4 \fli mj^tt CjLoju l- fljAJ Lajuc JjlIj LcJ!U ^JIJ^LaVI (jJjj) j^Ij^ 

AJJJ^JW 4Jl^ ^ ^fj^ <Jj£jl &j-Aj _ C.flj^jJLUS ^ U)! ini A UH^ ^1 <li^ ^JJLTn 



^^ ^'i w . LpV iL^al superstring theory ^LiLiJI ^Li^Vl <e^i j^j^' ^j^ (j-^-^ (19) 
.^jij^ <J^ 10 19 ^aJ» ^1 ,Ljii (8 J-^JI) d:^L bs JjLa ^j (20) 
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zero-point ikJLLll <lj 4 ^ II ^Ijl^i^VI Si n m <J1 ^ Lia cJjIJh-aVI .j-^ua 
<jl oscillator jl^J <iJI <j£aj V ^j-aUI «MmKjJI Uijj .^U vibrations 

#s s* s* ^ #» K' 

«GiLL ^ <iLlL **j*;" a <^Ua cPVI ^^Ic (*H1aj Lub <jj a| <ULu U'sl m <jj^f 

UrfM (J^J 'cV" -1 "* fc-J5 J-fc-o ^J^4J jA t >'n 4 4 'O^J JJ^ll /e-* ^>^ .<JaSlll <jj4 i*"JI 



^xi^3 ,-><vlU" ...I f^jVI L$J5M-kj! 4-La.j-o (j-fl jl-JjVI <Jjia-i C^l^ L»J_i£, 

^ji jLjjVI <jj^» ^>* o'' V^ : lt^-" ^j)" CiJLc I p Vs I ^LjJ^^JJ .9 <^j 
Ijj* embarrasse de dimensions j|j£.VI dl^jl Jjaj ^j^it^j <l^u <J o^-0 
jj-iiJI <jl dj^fc'.ll ^J oljjj-aj-aJI idJa$j «JjLflJI ^JaLjill J^^ L**^ 4^>?- J' J 

rr 'N 't" ^1 t^AJ JLjjVI <jl i-fll m"i<l J^ Qj9 at\ JpUJl >Ial **" H LaLuaHal ^^iW 

.11 ^1 jI^Jh o' jLjljSU rf ft m IjJ <Sj^Jj 5_LjLfl <j>Ja-j ^-S Laj-^.^j ^ *j 

( 5 5j*i fl rt II jLjjVLi JaJLfl ^-bu jljjVI <jjiaJ (jl (j^a^J-flJj (JJjlJI lj_A .1 n"* t m 
SlA i_^juajj djJLj jJL£. daJj ^ - jIjjVI <fjJall <jJLaJI 4%\ <^ll .jL*J Sj^lC 

# ** 

^n i .i _ sjlA Z±L& membranes i% &?] ^.A" ^1 jjiJI Sa-i^^l Jij^U 

^ :M ^Jj^JI 4j*hj ^111 U Ij-Li ^LUI J j±±>j *M M-theory L^bJJI 

I .A»l o>^j ^5 (jiJ ««membrane» L^K ^ JjVI ^ij^JI o^e (J J-al^-JI 

.oL^liiJI g-j-oa. ^1 _ «mother of all theories» ^ <JVj 

SjLsijVI 6,1a J£ da.j3 (jj] :^ tj^aJI ^1 Jiij ^ill <^j^iJI JIJ-^Jl 

£l£JJ <5^) jUjVI ^Lj jJU ^i ^ LLiL jL^yi ^ li^j t >Ji 

(^JjVI JJ-ojJI iJja. IjJ I^JIjJI tjj^ Laj'if jl m m 'i V I ^ rr ^ 'i" aJ tfilj . u Ai > 
<XixJI jLsljSU JLa-aJl ^r mi 9" (J (8 J-uaiJI ^ (£j^* L«^) <jJIc <£-j-uij ^JLjlU 

"s " 
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fi_jj^JM A^lajA. jJt ifjjAjJl 4Jolc <Jju5 (*jM JUU^I jl i Vul Ajfl fl-O ^jULp riil J \Q ati\ 

jIajI <j^Lj <J <j| (5jj LHil ^JJLjJI *^VJ Ua_k Jlajlj <jj> J*^ ^1 -JTJ -0 («-* 6 ^*- a 

.<lo IjjjS lJjISVI Jo£. 

S^jIj (jJ j^< Lj 11 LLl£ q^ *oaIj compactitied J^AjZ^ jJu> Jj uaJl I 

ikij J£j <kjjj-o — JjuJI eilj Jjk ^pit J-Slj-a ^1 l()jlf 4j£-qVI J^J — 6jj* na 

Lf ic <-iijI3 fpLuiill Ij-A ^ LojLt-taj j j i^i T» ^^j ./16.6 J*n n< H) pL-kilLLa 

(a^LsjjLJI (^-Lt (5J-1^J j j UI U n <-o>=w! ^ ^^*J <<LojLuaIL<JI JalJLiJI ^ jj^ 4" II 
4^^J-o jLaLjt ?*i m <-a!l J-SljJI ^J .>kVl <^fc LftO^I IjaSj-o ^JJiJI ^ A-HJ 

^JoLL-o iaj>^ Ji-« <Lf4>^ ii^i-L jLSjVI .1* j ^ <<LkJL» JS ^ iJLjj-LJI h'jl^ 

-" -* j ** ^ ^ 

Calabi-Yay jU - ^VL£ oUI >A a JK ^t.VI *1a ^ o m" ^Ua'i J£ ^ L^Lk 
S-t jL d^l3-.*r*j utj <E.Calabi ^Vl^ jjn^ olj <oLj-ll <>-*JLc. ^1 L m'» 
^^jjJI t^jj .«ALjiJ Lo^lj J iA a IL> ^"tjj A ^j^-ijLiJ^jJJI .LaLujjj ^joUI <Yau 

jJaj <4^J ^J . ^Lj>J>-i-fiJI A-Lc ^ C*l jj U*t II *-o J-aLslI] iojMJl CjIjJ^I (jJ^AJ 

^i -60J5 Jl* VI < n>1 jl -cilpLi^iJI 6jjfc 1^1 17-6 JiAJI jj_^.jjj .jI^IjVI 

jHk \ i-*^ rJaillL (jl^ia-ii ^1 aj m-y «Ulc uixJI Jj^-J iaa. <j! j^Ui Lo .16-6 JSUaJI 

Wr Jf ! / Cr 51 -^^ li V i ' -^J* u^J^* u^ lj 6'^JJ V^ <iiiaJI ^i j^ 
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^i Ll ^ Vj-.j .jLi _ (J-.VLS pL^J .17-6 JiAJ 

,—fl jiirt ll vdlj J-a-a <-La-i ■■■ t f A.jJs>^_3k.]| »_^jjjI j_4 cr\ ua fl I) 
* l 

(cr A Ja^. ^Ic tLii J£ ^^ J\ (2>1aJI ^ (16-6 J£-iJI 

Ij-A ^ «G* iajj^i ^j-laJ «jLauVI JOaIa £LAi <43jIaJI ^ 

l^iL (J& jUA ^i ^) <eV *:u J!u ^ ^ii .JiiJI 




*jLjVI Lffi threaded dLuia j^^lll y^iiJI ^j <oU iA$ll 6jj& v>^i jL*J 

<JLjjlaj jL— ^VLS P-Luai £-!,>£ lj|j .^Vl LS ^*' *LjJl^j La f jjl jJfc jJaLilJI 

j-i (_^jLuu jj^i^JI pLtAiJI j-fl /^.j^JI ji t H o' j <_jj3jJI jj£. <jl (jjji**j "t< i a Vt » n 

JJjlj CjMjLlJI Jd£. J-t ^ *ijj ,^-L-oVI pLuaUI ^ (^J>flJI JjljJI olj uj^iJI JJ£. 

^j _ d^ a ^ 6jLil LlA j^jjj .^^Sill jjju 15 ^j threading <*U nnJI LUj] 
Lijjj LLLjjjI U *" j-a ol ftj ih^> II oioL^ j*ic- (j' cr^l - *-^ o-* j- 1 ^ c< m J LIa 

«LiaALj ^h^j (jl^ Lajj «fi^lj JJjJI (j'j 'lA -0 ^' H-* (u^3^) F" -0 ^ c^ ^^H "^ 

jLuVI Ua^J J*U ipK* jLuI Cili ^i£ IjU :>h ^ilill j^jUI Jlj— Jl 

. Li^^ftJj) n lujSjI «Gl^lc (_^jJI 8 J LoiJl ^-fl Ai.Ui.iii uJi^a^Jl 

o5 t^J .iUla Sji *iL-uai3 ji^i ^ (^111 M <j -> Jki]|j *jLljVI <e^J 

t3^^ >j & * S 3. 4 ,. ° 

LadXt \XA O^SJ <J^xLll j-fl 6jjjI t o JjJU» ^| a 1 1 II (c-Lc f J*" * "« ^Jl JLaa^.1 
lu< t ^jSJ <l(|"t,\Al uift ^j^a ^jS n" j (jl LajjJ «diLuiu ^J /«-"' *— >^jlj^J' £}&■ ' "** ■ * ^ " 
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jlji IjJfc (J^J < U^ II L^jJ J^laJ U' (J^*^ «llalj dlllA JjJ j5j .£j ml j a H S^iJI 

i J»* 

«.iljj j>^j V .jU^ H jl miaJI IiIa J^L (Jt c£>^ S^Li. j^-^JI (^^ - J .^«11 

oLJ^USl AjJiaj <jLaJ Jl*^ C*lj S^ii 14j| :M <_jjk*Jl Jj-*H j ml J n ^-j^aJ 
Jl^jj <jlS LoJ <j^-I <CjI Al luaJI 03uL^- JhJL£. J_i-a <<t* ml j *-ji i Alj.o i_.ii m «LfljJUoJ 

<j > b-Lll <y ^Jl <lLL ljLi.1 di 'i o j <jL _ ^Vl^ oU uki ^ eiVSfl olj .t. r 

<Ljla-iJI 6XA <L^^UL» L03 .JjVI ^y-IJ <JjLijJI LlSljji rjLa^ U>^* (J J a~^ n II 

iJLSUI mLa laJ .graviton ^^v* sipili jj>j f 2 «UljjJj £££]| ^jjii uj^j-» ^^^^^j-* 

^^iAj <r:jLL-o La^S^Ij c^jill S4-' u' J^^ jLSIr-VI l'/t^ftjj (I^JjLjj-o ^k ^11 
£x$j , y * u-*^ fiL&laJI ^jlj IiIa .ijjlajJI 6jj& 4 U "il^j (_£^i.VI c^^aJI j-- 6 1 AiU^^IS 

4ajIj LflJtl jl <?^>j^ i^> (j^^J <jt ^f LS^. 4^5^-^ M <jjlajJI ajj^'J a^j^^j 
^ ^ *" s * S 

a A<" V o'-'v)" s ^ ui '^H^ *^ L° ^^e^* t ^U <ULL-u cJj5 ^yiiU <JL»j=Jl 

o ^ 
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7 JuaiJI 



-'T 



^iiin 




Ijj *fl JU *J j^i ;LJ_4J> (<Ljj|j£JI) <XAjja£U! «Ljlaill *-ijJLJ <JU A£-JJ (j-a (J^ 



\UiAi . 



jJj j^^ p^ iti Ijjbj *<SjjJI 6j-A _i ^iiftiu ^jla LLa^ojjS a^jLi^iI (£±^)l 

lliic »-JJ>4J <<^| u" miVI <J>kill 6J-A jlil «J-aJfct ^JjSjJj .l^ji u nU»ll tj'j^l o' 

s 

^ -i* 

<^j^**S\ Cx)li\ (>o 4j££- <* *r\} jjj-° *a*jj .classical (<^ mM^JI) <uj-JilJI 

jjj .Utj l^j-^ji SjJoJSIJI P-LijfiJI >*J ^ (^jijjiJI dUj <jJ^I <£jJI o^^aJI o^ 
JAua < <-*r,S J 1 j" II pLjjjJJI ^^i j j ml (nVI j^jJbl LaJI (jAjt-J *L*-4^ ^jjjjj-j-Jll ■ a"< t 

gjui\l £-^ljJI 1*^^ J>^ <1-"M **^l J^ <trajectory jlluUlj <ia.j-<Jlj «aI^o^JI 

^ J " ^ ^ # ■" 

it,^j (Jj .quantum mechanics (£nr£JI) £-°><>£JI dlpl^JI _ (3 J^ill) 
facebook. com/ketabme 



» ' 't t o " ' ' 

ui^J xij .ii-uj^LiJl (j^J t-.^-jJI Ij-A Jj-o ^U^ 6 S?->^ dj-uil <jl iai cJJj JjJ5 

'i o ■* 'o' 

6J.A J-l^ ^jJLAjLjJ^-iiJi £pxj 4-U&j_^j-aj SjLaJI ^_fl «LjjJ&j CulaA ^jl JaJ dLlj J-l3 
4-AjJslj j M^" aJj </^aj <iS.11 <*l i*tiS t n II C»l Jj t *m /j-ic- (jJsAjUc) Ja_2h.jLj aJ .<LijJouJI 
^ i&AJI .<jJLslII <5JI 6dA JlaJJ «CjIjIm^VI J^ jj;< II fj£JI lift Jl<u UjL^j 
ial^a^Vl <j-o aX.^JLj «iSjli SjL^aj «U^kaJI 6jJb Jl ntj ml I TiK n[ ^j-o *X.^JL <0l 

Jiui S„W"nll CjUV^IJ ^Uflll ^JL^VI J^lll tj-o <UL 30 <Jji D jJlS <c*lJj 

<jjiall m ih l*j tii o^P '^* *t$>^ J jP^->^ u-^J-^' ijU'iKjftll oUjiU" ^^lf. 

<l.i.A,t1j) 6L_=JI ^LajujI jJijJuJ £j*X^> (jl U^°tf ^ Jl*"*^' yr* J^ .JaJ Ifl A() 4j V 
6J4J LJAfri (JL^ /c-fl ( «Lloj^JI 4^ I ni^fl <Lcl\ i<"i jJijLtl «L^JJU CjJjaJI c^iLl-uil JjJjAJ 



g-j ^ " (j' ^J-*-* /J[ ^j^Lskj (J^ 1 *^ *iijJ^» *-» a d fl I J .(j-^1 m a 111^ bj.S li-ij ££JJI 

^Hl «electromagnetic radiation ^ „m UI li n J( }<ll gL^yi JK >t.1 ^ Ji^i, 

* » « - * w *sr" 

^ iiLu^l jji (^LuiiU ^j-JI J^-UJI jt) ^LuiiVI i^^ J^L (jl 

6jj <rt"t ^j^/inJI ^ JjSLI **ilJj^ <jl :I"A^- jJA-to J^laJI IdA ^jl (j ^^ m JS J^^Sjj 

** ^ ** 

jjl pl^^.VI 6J-A Aa-1 > 111*5 aj <p,>^. u-iH ^Jl a n 1 *5 IjIajJu (j! ^^i jLk _ L^j-ij 

j| <f U-iiU iiJl^a S^J-° Vl^ial J-jUj pj iAII <_LtLL-aJI (jIjJVI (jl '6j^ lrt * 



687 jl ^ULll ^i J^ 186,000 L,l^ ^Lu l^ftj ,<^LUI ^J >u 2.998X1 O 8 ^ c o^i (1) 
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*pj i A II (j's^-" f: * rt ? o-° j^J^ (jA>j *yl pj i A II *(1"/ J s i m II) L^j m*i j j * «^ 

SjLiii| PJ-u«a ji»"n Lo J L*J :i-oLA £-jLlj (V^J^' J^-LaJI ^1 < * \ i U II pl j j i "** I Ij 
^ u A»<Vm i^-^l JAJ 1 L>M <J-"^VI ^1 >LuoVI ^1 j^s.yi t> J^L^ 1 

^Lui cJj ,^'jj «jlnjUII <> eiVI Sj-^la t> 5.3 ^Jl ^ <5.8 ^1 7.0 

<a.j^JI ^jj£.JI £U_iiiVl <jlj Ij-A .jt <rJl 4jlJLjJI jjjiJI 6,i$J Uij oIjIj-J 

^J '* ui^JaLli *jfl^ f I ^ 1 mI <l iAjT <j_A <La>.^aJ <Ljj£aJI ^jlj-flVI ^j-fl J fl*" iiinll 

.J^iaJI IjJb j j i,icu Jfl m II (j-o IjJ <o)j*i<'nVi iri 6J£. «GskjwO JjM° 

Sj^-=> *«>j* , & ; l 1 1 j^ |j_4 .1 -7 J-S-iJI 

UJL-aj^-UI 

j| t 5 j 'i m "1 
(^-a *Ljji^_aJI 4 t ln l flJI ^g j **t •% ~\j 
(j-ft ^jjuA hLab J' J», ft (j-"- <-fUJaJl 

JIj-LVI 6b '^j^JI JIj-LVI 

j|j_cVl tjl .«^j—aJI pj .A II» 

3 j <a 11 J j ii" m a 11 ,^-6 *jjij-ii 

oljjjJL» jjJ-JI jj^lLI £j mi 1 II 
,8 jjjJU .(Hz yijA) ^ISJI ^ 
10 8 *jxl jj>j ^j-Lt Jjj *^LLa 
lt-* s jj j 6 j j I ft **-j-*) j-jj-a 




3 pm * 

(0.000 000 000 003 m) J i 1 - ^ „ I I Ji,i 



3nrn 

(0.000 000 003 m) 



300 nm 

(0.000 0003 m) 



0.03 mm 

(0.000 03 m) 



3 mm 

(0.003 m) 



30 cm 

(0.3 m) 

3m 



3 km 

(3000 m) 



SjJjS ^.J-a Jl^l 
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IjU :frequency jj^lll ^Jk^* </t*.j L* iijj»-o ^1 LAjI ^1^ u-^ 



•* » i "* 

jjj^ jjt in II ^j^j-oJI JjJaJI (£J frj *A I Ij <JVtl*i II ^gJ IjJ * '**•}} *^1 ^ JJ^-> " * 

A-fljLJIi «^j^aJI pj-lcJI Lot .<f^li J^ JjjLaJL* IjjJI <j-a l^-±^ Ij^c- o^ 'J^ 

6x x jjfc 6jj^ <jU IjJ ^liJI ^ Sj^j (6 x 10 14 ) ujfLp 600 <jI^5 d^ 
jj^ ^^Vl pj— UJj .(Hz yij^ 6 x 10 14 ) i_LiULJI j^J cycle s^jj 10 14 

jjjVI pj-lA-Uj f 4 t M Ml j-i ^JtJ^ (Jj *l t^ 440 pLAj ^jl i ii j *ij t ni*t ^ A La> *« <•> 
IjjJ t£ J >* V JiA!l ^ SjjIjJI 4jfljtt^ II jl.lt V I .iilli^JI CtljJjlU . ii>*\ mi 

6J4J 4jiji,A II j-jjI_SLJI <ijjt-o ■_ ■ -^ j IjJ <*uLt iiUu 0^0 *j^ 1 4 W I f^jL l ti\\ 

.^.uoUl'iift^^^Jl ^JhJkll iitLLjl ^llJlj <jUcVI 

<5>»*j fj^tic A-cuLlJI <j>^ j^'j^ ur* ^ J J 'J j-*** V I a >n^ II «f L«_ii>|)> ijjAJi 
^LJVl ^Lj-iiJI Ji^V <1896 ^U ^j .^j^lij tjj'n 1 riil ^U ^ jf^J' 
^>^ . jj^uVI f n,%H ^Ul^I iilSi y W. Wien (1928-1864) ^lj ^^ 

4JaLm,.M u-fti^Iu A-a^jus J N _^Aa-* Cx£t I aJa^ Q^ "J " Jf^ (lU^ - ^Ajj-aJI a iii^ II 
u-LiS ci>3Lj LuV «S^jjJI LuL^w ^ LujJ iijJLa cLlJI AJJt .Sjl>aJI <^jJ ^^Jt 

* * * * * ^* 

cr 5 ( ^^»- H <-^l dM ^ ^jl^^JI Lx^J j-ij a^. dllij '(jf^ (^J^ J^v) 
^L^iJI ^j ,1879 r U ^j .j^jt <l+^> J'^l cP! C 1 ^ U[1 ^ i 
cf^J ^>^^ <ijJL* <-^« J- Stefan (1893-1835) JlLlL* ^\y*> ($J- 



'"* *' 



<La.jJ jLjjl ^-a ^jLlaJI pj^tfJJ 4 j II o->yi iiliiJI ^ 6 J O iu II SjLjJI 
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(2) 



a£^>j *<bjji5jJl pLj-iiJI iiL (jUj* "' e*>^ ^J c^'j cx>^ C-^ <-^°i ^ 

Jj^ UbLLfi Sj-i-oLa— a (<-flj .l.-La» U^J - *^ 6 L>JJ" * a I fl U t (rJ-1' S jl ■> ^ II Jjfl ? 11 

^i JU^VL S^ < 1900 f U Je^/J-"^ 24 fc^ o^^ 11 J * ,nJI c*- 5 o*^ 
<5>kVI pIjj^uJI i^JLll) 4j<j n.^JI ^LjjfiJI Ji! ^ t^SjJfcLb Lul^ ^JJ» ,^> 
^pJI ilj^kJIj (jJLjJI ^ Ujliil ^1 uiVsl UjjaiAj <a^Lc iLuaU ^1 Vj^T*l 

i c -' -** 

d fl t a^, 11 datAi II <L*jjJ| * j &JJ LjjLudjl jJlu&jj tlljl il ma I4J ****** 

M. Planck (1947- di^L <j^La £jj <iT * ,A»llj U^ mil ^ «L^^a ^j 
<1900 f U JjVI ^j^i^/^j^i 19 ^ii .<la^a£ll ^^ikiJI a^i <jjJ 1858) 
«LJtlJI ajj mVI ^i «JIS ju (^UjTLujj JjIj £\»jI-3 jJ!ui*J L$-a1 OJj «UjLsl* rj£\ 

4-xjL>j_iiJI 4jjLjqaJI ,_fl O J $ n Sj-duol ^ n tc-Aj .<JJJut-cJ ^^Ja-j ^jjjLmjI j-t-fi^Ll 

frj^jl jXuJI iSfl lii ,1900 r U j j « ...u/ JjVI (j^ill 14 ^ <_^LJVI 
<lj1 ^ylt ^Lj-iVI j-ij i^i"< t Vjl »U dli .L^J iL=». idJ^L lis «^Lojn'sll <TjjU-.lt 
jj^ J^ JL» LaJLc tjj^l m II a i m -s II ^1 ol "*jj"^ lyij oljiJI jtj" a L* f j-fliX-o 

*4jJjVI AjtVJI CajI^ Ij^A .f La-Ju^l ^i *j iAiII (j-aLL <j^J j^j J^'jf jIj>1aMJ 
(ji-eu LaJla LLu <jl^a"LujLj jjiAJJ OSCillatOrS (oljIjj^JI) oLjjjlrtll 6dA J^a JS 

t^iJ .(Ij^-o^pJl L&i) amplitude ol^uj ^ j ^ *La ^1 «^.jLLa /Jjojj) ^l^iJ 

jlj^uaJU j^a-j-JI J,>kJI ^ iSlla-JI Sjl^aJI *la.jJ V-H 1- * J-^La- <J^ LT^ C^'j U^^S JfiJLi (2) 

_ (jU/i... ^u LA*! yA«u ^jJi «tjU/n.i tj^u J^j i(A ma xT = constant) ^ii ^£.vi 

♦tilia-oJI Sjl>aJI <^j»lJ <ajIj.H Sjill A-a Ijjls t ,i ml 'i"" SjjLuo.ll *L << <l 5 J -■ II (jl (j-Lt <(jLoJjJ^j 

(jiK 300 (> dl'iLuiVI Sj^ <+ji Ujtijj LsL^ UU» LL^l I3li .(T 4 xc^li = Sj-iJI) 
jji Ijuj .1 0,000 ajji J_*Uj Jjj^ SjjLuaJI 5j-UI (jLi (< ^1K 3000 ^J (<i>iJI Sjj^ l^jS) 

.6 j i,%Lfcft 6^*Ll «Jb^JJ <J1 y-i ■ ■* ■■■" 
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j/^l ^ ^ i.m jjj^ J-aLi. ojIS h ,±> j ^ «jj^JI ^i h lj>^ J-*^UJ «integral 
<0 jjfc Ljdjald ^V I4-» r-jft ulJI cjUI U 1 1 11LJI J rpil «Gl ^1 * cIj^Ij culi 

.JJjlll ^ h ujj-a-cJI J <^iK.t «LtLoldl <<L-a£il t„g« 1 A ...2 J 

Sjjir </•» (^^aJI *^ukll <U<v . (ij ^jJI J-LsLjiiyi < u~\ ^ ,ij) ^ itijlril\t rt^flSJI fljL-iiiVI 

LAjJlJJLJ (J^j CjLSLLJI ^1 ^ jf\ *\ II j^JI Ij9j m (JjJjLjjliJI ^,1 uJlj^ a^_S J$-uJI 
tj^-AJ «GLlujJ «La-uj ^1 <jjj 1* 1 l£ o j J_flJ f(JjJjLj) ^Jj-J ^1 ^ia-jl .jlj rt'.M iL 

jjt <JSUJI ^ jrjalJI j^l J! a^ < ? (4) J a ii stepwise <^,jl* tL^ Ujj^ 
.4-% n.lj Zajiu ^Vl j^ - quantization loojrt<" ^1 _ £5lkU jrjjlJI j±*Zl\ 

^jSJ t^yJLil] ^jja fi^ mij _ 6j-a£. ^j-o /c-^-* ~^ ^^ mu JJa JJij .JjJ^aj i M itriSo 
■ <l \Nl irtM^JI p-Lj^^J» (J»-*-*-*' /<-fl f 1* ft ^" » JJ ni4"l - ^ Q() rt ^JLIj (j-lt J '^^J (jl L*J^ 
^j| I n () \j\ .^ n U II g- (j 't rt JLj j I ^ " j I rtjfl LlA I rt ^ 't o SjliVI 1 Vt^ rtj JjLtujJ **-aJJ 

cjVL^-oJ li^Li.j ^j^ jol <nrtll aj^^ 11 «LftjLLo ^j- *>^ 't 1 "'ffl *^jlA" j^sVI 

L)' (Jj^ LAJ_La-ajj 'J**?" A ^^^' jLoStl ^^ ^Iaj-^ <<jj mu II Cj i j' ^ rt 1 1 (_J^>a-l 

^ IjjlS ^j .quantum of action J*iJI ^ ^i\ ^ <<t jkli La^j -^>^^ <f^ulJI djj 

|j^J < *U \ ^ H JftjiH .Jj.luVI a m-% H «- U-Jjj oLi5l^>-a (j-MJ <GVjU-o ijJU jLoP^La ^L^flt-» 4'lftjB jj.tfl" 

.J^6.626X 10 14 ^acJ^\ 

4jj»L3La ^pfl (_>ul^J Jj-» ^C*Ijj-oj1Llu 5 ^aj 6 ji jiftl <A-mjij <>l^>t 1 00 «Ujia ^ JLA.JJ (j;JJl (j^^UI 

<jjj Sl^i j^u5 jj-a >«-vol Ij-Aj <JjjL*iJt £ja j' nj~\\ m 10 -j "^1 1 Sl'^j V «Jj^I» jjt'i m ^^-i. 

.jjSjI ^^pfl 4jJ»>« Sj-JaC jiua^ 



facebook. com/ketabme 



((J Jliij|^Jl a U Ih <jJjJSij-JI J lAfll Ij-^fJ (L"M p hLulll Lh° j) J^>" Lh° LH* 1 -!' 
liAj <<jjji5jj) Afl'mjj J^LL a O 'Si ftf-T ^ Ci^ mijj J^h tjaAjlLo <j^jj!So f-fl-jV 
6 J U-aJl ^jLalll £jLfl aji <j-aj «Afljlr AJjJ^ ph-il /\ () Al»" ^ya qJ (AiIa^ a (] U ^w J 

.<i,LJI Jh^VI J^j jju vi jdS v 

<phJI Jlo V J-o^JI Jlo Ifljj <lxi£.k V ?jn^ tplj *oMlil <1aA ^k £1^ 
aJj d * .Al * j d 1 ^ Oj^lfcl <iilj-ul i ^j * Ct a < r> j> CuJ^l *A-IIj-Jj 1 \ a j fl jf-*J H-^'J 

^1 ^h ,vj JSLLJI ji5 UaIc .1905 jlU. VI <eJj33V ^hjf^ 1 <liI=JI J^5 
.jjL) Jy^jU" cjh^ /«k ^ '^^j' <j-*^hj-" *^J Ml uP^^'J < r j. k i a I I 

(j^^l j-^lj! *^J^* j* J.' lt* I ** '"^^ g- "^*> (jl I ** j I r. <(jj * i II l^-A l_SjjljJ 

j^k. j < m" m <Gl jI :^^i3 _ ^ mjUhi a j-^JI j^U^iVI <jLct *-*>J->J - ^j-^JI 
Ci5j ( S <a£.j (^jjI <iAj m j «I-ajJ V j x5 a jLSjx.VI Ij-A £>Sj *Jj .<-^.j_o j s i n 

<Luj^l]| <IjVI (^S <Cj\ oj rn-^ll ^ jij jJfc Pj^tfJI ^1 ^k j-*-ea1 «^ihV ,J^V 
<jl^j .<Lxj-a p j <oll ^jIj *-j-a-aJI CiAJ-fll j-to£- f ml "i II jjj^' J^-^- Ci aIM *" ( JLll 

*1l5Ij_JI <Q£. cjIs^ (>* JjI olS ^ill «diffraction rl>*jVI Sj-aL^ J_Ja <^^ 

*L-ujjJ (j-a Jjl ^IS (^Ulj «(1519-1452) ^ m'ifllj jJjLjjjJ Jj-juaLflLjJLi ijj-<JI 

Jjjjij <Young j-jjjj Huggens JA*jj-a Jlo pM^I t^jojL^ Jj^aillL \lx& 
J-l1iJI pj .a 1 1 <l^j-°-" o j k 't 1 1 <^-*lj,xll objjt'tll j$£\ 1^1 ^LS .Fresnel 

^j-o 6p' <A a <jjjIJ A uA mi ^jl 6 >- >S JJo ^S^-a j—fl <-i^j) i A <Jtij J^j^jj Ajjj i A i 

(1827-1788) Jx,ji tjjU.nrjl fSs «1818 f l^ ^ij .(2-7 JSJJI) >9l ^iUJI 

jLSIjVI JaJ-*i _ a<^JI il^J pL-it| J^I jJbj _ PoiSSOn ^jJlol^j ^^uaL^I ^l^ 
Uj-AUo Jin U 1 t fll \ a lj-»-xJ JIjjJ <jjia4 £jja ( j,^ilAl mlj < P j) < A 1 1 «Ll^j^&JI «UjiaaJJ 

^i j^,| lj ,af, j^J .(^^la 3^k ^. fllA ^>4laj (jl ^aj <iU mil «uiuJI £>t ^jU-o 
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<j^1oaL1 Uij .fjjUji <*ij .2-7 JiiSdl 
aL&I Aju a <j*sjii *— ua^jj LoJJJti ' «■ j • «a 1 1 <Aa.j^J) 

.Ej iAII «U^j-oJl g» Lila] I jj^ 



f j * UI ,.i II (jj-lilj_j <-xi_* ^_t & ^ t II j^-S (F. Arago j-cljl Ij-^ljJ *<JLaJ II 

<-jjlri\ II "'^ * loTj f4 *5jI m n II l _}jj - >-fl £-J>J (jl <t t* J**** " £*^*Aj » .'„O"^"* I ^^">JL? 
^jj i" 1 IU I J*S A j .jUIjVI ^jit L .nf, jJjj <£jJI Jjiflnll r-Jj-ajJl pj iAiII <La>juJI 

ft j lA 1 1 4_i3hjj&Ji <*« ulaJI jlA 

A--a a ^j <j| CujI Lojlc <JJjlj <1905 a.Lc (jJjlll (^^ ^llAjal ^ irtifl ^iU 

r* \^ fl-lJJ ^>l * <ti t il j i nj*t (gjA. Jt-ij .ol aj mi ^ ^h* l-Mj- p' j) < At II jl j "i c.) <iilJj 
f La-cu^U ? j nl ojj^lll cjIj r^>l ^ II JjK*i Vjl aU aii .^"l^j^ (^-lt ^JjLuJI 

• a 1 *^ ,w\ A c. LsL-ctiVI (jj^J yJ^ 4jI cH-'J 'cO Min v_Su^Ji J^.lj ^ iiijItim* n^SJI 
,<j-o-ujI]| b±A J a1»"i uTi hij <Ctl^l-uj ^tii£- JJU tdljj <pnOtOnS OUjj^i CjI n j iii^ II 

<JJ-A ^^it j Mil t A II ^-J^J^ J II cJ-AjVI *_6 A^ m M ^jjl*! Ml mI £"'>**' <j[ ^ 

t>o cA^>s£Jyi j^L c£>^ £*j^ <photoelectric effect ^^u^JS J>«-in 
^j-o jjx. *_j^-i^j (j s H (Jj) * i n 1 1 \j .A ^ mi ^\ j JLM P* a '''V l)^ > j jLj0 o^" ^ - r " "* 
L^jI jaj .La j j mi^* cr lc <_4^.j-aJI <LjJ&lll SjjJ rjl-^ \-$-& «— »»aj ijj^JLJI ^LaJUI 

^j^ji^Ji^ (jjLH^i (j-U Aji in" 4 *\ \ m \\ <JU Jj* 4.AJI j^-i-o cH* 31 ' S j ini t n Qj mi fl 
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^Ij-oVI <JVxj ^-jj iAj (j 'S II Jj * * n II > * n~ t \ t flj< <jVl c-ij-a-i lj-J-JJ .1921 
aO£j JIjLo <j! a-o <cAjjj>A Jj^ji (j^LaJI LcjJI liA ^jLi IjJ <*U mmUI'i* n^^JI 
t^j-iii oUjjVI (^-U- I j «^»r- Lox.J 4-Lua^j (^Ij^ I fl \ <w A ^^ Sj^LaJI < ? iV\ II ^i 

*LuVI ^j^ j-^'j ^^ ^-aj £ cjVI «— >~^ ^ pj-L^jj* c< inj I oLj^j^-flJI £jl jjj . p,^ UI •% 

(5) . r . 

i^jj ^U3jL ji*^ <u^J «ui J^ c^iJI < 1907 j 1905 ^Lc ^ mirabili 

<-»jl j aJl OlJUI Cj-iLS O-ujjJ /c^JI *U-toLaJll .I 'ij'N m" J-le. jIjuJI Sjl^a* 

J^iaj Sjl^aJI <^jj j-ijJ <-oj^LII Sjl^aJJ J^LI* ^j <SjLJ heat capacity 

P.-L. Dulong (1838-1785) p^Jji ^jJ . ^^ Ju „.y^l ^L^JI^J» ±1*] 
^i oljUI jo^ Luijj <j^ ,A.-T. Petit (1820-1791) ^^ 3^ _ u ^-<ft3 

(jl J-a <*i ft-% II I ft() flj t^> JAl .^jjIjj&JI jl mi II ^Jjjij jlj-dJI j* j ft ^ I ^jl c<al£. 

L^JjLk j-fl^p <idJj (c-^- ^-^u (jj "»n^ jjl>° taiJL fJ -l-^-j-^j r *^ '^> j^ IjJh 

LT^ ^fjlj-^' Cm 1 m H I fl t < ^jtj 11« 1 Q ^ ^XJ^jL>j i ^ II JJUj <Ctl uaJi aJI ^j-a J-»j^a 
<-uajLL ^jLS ^^j^Jij ijjjjj (J>^^ O' LoLoj yr 1 Ali <4 iAa^> \t\ 6jl^^. oL^.jj 

- *U1J hc>JI *jjj\ _ ^\jL/^ i+jj/Jj** 4 ^U ^1 ( pU1J <ejl>jf S*-Jl jjuZi /^u (6) 
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- n' " ** 

A' 4 ^ *tl a-o j\ t<~\\\ £j* ^jJLiU '(j ^jn^ «UjI^aJI p! i t n II fjij taji n 11 <jliJj 

Sjl^^^aJI (jl Q*aljliL /^j^j a-jjJjJ u^*^ Tj^ ^ p4 iit^lSJI pLjj 4 1 1 (jS a t 

pLjJlLII «LaJb L JUlj LLo <jt£ IjJ .LfrjLojI uaj t fl'tf. jJj^* J^Lk cJjjJI J^o ^4>£ 
CjLa>jJ ^ jtJLua ^_ii. <jj-iQJI liA <jLj *_$I^jxVI (^J-C j3>"» J 4j<J m^JI 
Ci Ihj .oVLaJI <jA* j ^^J ii^iJI Sjlj^ <^.jJ C*"*^ J^ <<^ua-Lk-LcJl SjIj-aJI 

.1906 ^U lo" ? IU J ^IVn.nVl «di*. ^l"> ,vJ <lLj J <A ^ ^ J <J ...«Jl 
^^Lfj oljiJI (jl <i*LiL JjLi La^ ^^jj-fll <Q£J <5j" q n II oljiJI jja J-ajb jJLl 
SjIj^aJl oLa>jj u <S a .jlj aTi ...La u< ij Jj stepwise i^j^3_* xj!j-Ij olil .U » 

iSUoJI ^ *-$l^ jji j^jj fiJL*JI 6jl>aJI oLa.ja ^j .loa. «LAi^i* «LjIjjaJI 

LT* - " LT*J ^J^J iti^t^JI l^"*ftj< ^J[ «Ljl^aJI 4% in.ll £-fijPj 'S^^-o CjIjjJI J-*^J 

SjIj-aJI *La.jJ <J&Lc ujI mi^ ^jJLc IjaLi j^l"* in\\\ (j[£ .^j-ij «_jjJjj Lajj.^ 

Jjlj 4-i.Jj-aj ujjJi di j . <Uj % " II a_o uU-a> J^Ijj ,-JI JJlaj3j <<jjlj-aJI A t mJLa 

s* 

<P. Debye (1966-1884) ^Ljj jiu ^jJ^JI ^j^I J^ t> ol^u ^^ 

.ij^aJlll 
^o Ijj^fcgO I ^S t *» S j o l t\\ Ui't a < Ai 'l I tj iiitril *ti njflS U P \-% i n J I 4_luIjJ ^j-° ^JJ-f 

.SaLJI ^ f>\juj*i\ fjj* JUjj^U Jjl> i «i II (^«jjjjiAJI dj-a a5j .SJI^aJI oljUl 



4j*inl j-JI ^^ij^aJI j i »V>I f I ua i| fit itiVI /cAj (SjLaJI ^-fl (j^uj^j-iiul «-uj^j JjJ Loj 

^LidJI j j > Ia jjLS (jlj ^ I j ^ "* M ^aj^UI j <oi •% *j «1906 ^Lc (j-o Uj^ <aL*VI 
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<> jLjUI ^^ ^l^j U±J\ ^ j4± (jjJl <N. Bohr (1962-1885) ^ ^ 

* "•' "^ ll rc-ijULll jjH Jjui «CjI n i m 'N II a H 'i /J-^ 4^oj) n S II a i ftl 4 n II J)j i W\ ^flSucA 

J^j .SjLoJI -_'1q ^1 J^^gj j * II t-U^j Ladlt <1923 *Lc j-a <lJLaJI UiljJbV 

.AJ Ml 'N, H AJ() flft 4 K Ml ft 

I ftil mi (j^J-iJ tjl^ LaC-o a^-ojO La ^-i U^^" 'j^^ (Jfc*^ - ^LaLlM fj\ £aj 

* j * i j J^Li <<^)l o-i •" a> ( j-o t-iJj-o pj iA II jji LajLLo ^j-aJI S j *s 4 II ljJ-a.j-C.1 _ 
j^o <Lii p! *** luL _ j^j f^^ (£* 3*'"**»' ^ ^l <^-°^ SLsJ-La ^L> aJ cjUjjj-flJl 
JMiJ < tdl j *-oj .i^^oJL <3-aj iii SjLJI ^1 LaIjJ-o (^iJI Sj^aII _ (j^ajLjjjJI pLjjb 

^Li <,— *-iLoJI (jJ^I 0"° Cilllij <m l II ,^-fl j^-*VI <j-a JJJ^ <j-fl £-&J^-aJI i-jljl n iA l 

<1±L ^1 L^jLij ii^U JoLui jAj <L de Broglie (1987-1892) J^ jj ^1 

«j mr £-jIjJI o*^ji p^LjuJI 

jLiujI (jjj 4 1 m 1 1 1 4ji^3Ld j-.ll Iju m n <jjjlll <4jSL£J Jjj^>j j^ Ajja" ^l^ 

f\>L» * tiaJ ■"** UuSJ ^rSlStlVIStiC 4j,J^ iim 4 'N *\ "* CjlJIS .d»! <n i m% II jl niVJj Pj_*AJl 
CiLj in \\\ <j^a\\ 4 ft mi II <jl .JjJft*l!l vlilj ^ J^*^ 1(3 fl^fl ^jjJI gA.aJl J^J^. 

pj-ukJI A*k ^ * --a ll ^*iJj ^j _ geometrical optics ?j ....u^ II (^L^j iAll) 

4 na H.MJ.O Jojlajk J^ ui 1^ 4^jj^AJI 4jUuiVI C^lji m o a_jjjjj (^Jj) (CjI *j *^ Jl) 
4-ajj-iAJI 4 l mi V I ^1 ^—A _ Cil m J* II j-i£. rj r \~\j LjIj^oJI ce^ (j"^*j" LaAli. 
^I^JJI Lfl-flOA ^ ylJ l ^ I o"In j (jVj J^^ . - M^ * C*ljLa^> J^ftJa (jJt j m u u 

principle of least jJLuaVI ^j-oJJI ldj-o ^n mj L* ^ ^^ox.jJI aJLaj .LljJL^al 
,Lij1 jj-aXoll ^J>Ljl\j ttj-LuijLW (3jlfrl\j ^-uJI 1657 ^Ir, <u.^SI ^oll time 
Hero of Ujii <k^MJ U^ju 6jU^L .P. Fermat (1665-1601) Lj^ j^ 

>a ji f_J oJij .Catoprics <AJj-o ^i I-^j-^ -f *<3 125 ^Lt Alexandrio 
^ SjLaJI j^^jG ^4^1 mimj rprinciple of stationary time ^,»«11 j^^JI Ij^-o 
^i <jil <Lji <^i ijki^ ^ jL** 1 - g^Uil aj^UI (j-o>ll c)1 «jjlLuxaJI (j-ojJI» iijJLoJI 
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4-1^ J ^^i ^UflJ ^JJI jl m ft II (\ h I ni (Pj-moJI *-ij-*J « Sj*s :<LJLlJI ^Jh 6 j i mI i r> 

(j^^j (J\ u^-aj lW-^ «p^MA jL"*-° tW <_r^ AjLiijjl la.» IjLi S^gj i i^t 1 $ S <* j 
<4 1 j*i a ^Jl (_g j 3 p 5 H Jj-*j o' u -0 ^^j J-*-°'jf u' u^J^ lal nViil J-tAiVI (j- 6 



.«LSLaVI <J»-IL» <^>Islj <Jt m Jl J-^'l fij^uall 4-iA.j-JI 4jjU'»1l J^Jjj LLAj 

3-JllS <^bj-° (J 1 'N " \g *(j m! il rt ^j tUjaAj (J-H* (3 fl jl iri rt _-S jS fl *t LlSI |j^j" fl 't 1 

i*ilj CjIjLlu-o ^ i^^*^ j^ft'tl .(3-7 J< m II) jl m n II IjJb J^Ja ^^lc LjJ&Jj-k 

4 U <a 't II /^flj .1 1 A t! I (j j I r j j m*i cjLa.j-o *A>^J t -0 <Jj*' j' "» » H <j"° '^-^ *-*d->^ 

^^-Ifii CiL^-JI (o>Jaj) jl>C-tj ($ji oM <oljl i oaI I tfjJI J-*-a3 j^iJI ijl^-UI 

destructive Lo)j_a iLklj-3 Jal \ " r, II *Liiyi 11-a u ^ mjj :l «A * i I o <A t ; 
pLo i^i-u=» ^^-Lt ^^j *Gl :ia.j-JI 5Sj^J s^j-a-* <-«-^ J-a.l.xLll .interference 
.frLeJI oL^L»j-Sl ,, * n dj j S r. j <^^Ai 4-^^-a jj-c- a-° ^-^j-* ^jj^ <3^ "^** '■*,* "* 

jjJU |U (j-ftj <^t ilfl d a O a a aJMjJ «-51^^-a (jljo^ <J S^\j jl mr> J^-JJ *tdlj A--OJ 
^L^ItU J jl .u n II jjjJuJI IjUb ^.ftiiit :l init I (j iA>^ t j-A-eJj (j^o V<Aj <l ia<t Ifl *r\*\ 

■\*^ pUI cjU^J ^ l-4-kil jiVI I1a diLii .constructive interference ^iL 
t -- " A 

j—A S^Laj iSj^Joj J-kljjj ^aJI CjIjI nirt JI ^1 .pLJI r*Lj»jjl jjAJlij C^J 1 ^' (3^* ""*""' 
_ ^k i^VI J)-«^hI CjIjI iija *Laj_A£, _ I q-i1j ittn I biN cx>^ (J' Ch* l^-s* *^^JI «** 

.Sjjj-aJ-oJI iiUulj « u n II ^^H- 4 

* # ■ ** 

4^1^! ^uaJj «liljui 4_fljJU V g-J i A II »g N% II 6JLA jJb^A. j— 9 <jVI c-t^l\ mi 

^jan u >< )-a*j <j| : j t t/^VI jj-^JhI jl "ift (JJ>^J '" C^*^' j' '" ft II **— *j-*-^ o' lt^I 
^ijj V (^iJI ^jJfc jJL-uaVI tj -0 ^' j'-" 1 - 6 U-° l*A^ ^t*>^' Ciljl ih n Jl <j^i <oljl niftJI 
4jJ-^ La^SjC- j * l^J <jf\j^& JuuA %\l±l\j aIj^Ji (J^L^IjUII rr\ '^>JJ .1 iAt.i I g lAl i 
M inj\ A 4 "J^** niftll Jajl-i ^ 11 (gj-m {j-*m V J IjLA .j i^fll P- j i<p> 1 1 4_L2w^-<JI JljJaVI 
I (J t j rr i <i^*t /c-^l ^-*l (j S II /c-Aj <j ^a fl II 4-JL^JLLo J-A-C <LiA.^-o Jl^-ol S?*"4-^ LT^ 
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LljJl <Laj 




o^jJI 



i*ldiM 




4>l{ pj l <kii 



• <i-o LjjjJ 1 '*'- La IjLui-oj c^j^I'i.jjLa ^j'Ufl't <jjij KW>o 1jLi*j-ci (£jJ .(^jJjuI JS-iJl ^^S .«J - / J ^ > i t i J I 

"i * 

LeJjJLJ (4jl-uJI c jiiiL (jl ttlU\* Ia g j! £-ftj .£ja>j-aJI J^^laJI cJ'' ^*'.* *^\>* jL^-"- J^ (_j-^ * *' * " 'J ^J 

jfxoj ttIj-oVI £y> <ia^ «Lojj*. LlLaJ lj[j .lj^ (jjllila o (jl'i* mil ^ t ni" «LajL^jJ! <laijJ1 Jl y^Lnaj 

^j .Ijfl na *_iK-ll *•» "'H J*?.' lJ-Aj <<-alj-A <^^-* J±>\S12 L$-iTj <ki^ 4 fl IIa n <^jL$_iJl laUaJI 
fijjfc ,_i .«LLa ti'-'j' J^*l j' mi^Ij * lJj ■" a laA JS m /e-Lc- j' "tftl 4 inti p., mi II (_£j-» (■ I4.mll JSLjjjJI 

fJjW JjkJl ol"* -J^-"" iS^ l5*J Ji"" 1 ^ ^fi^' J*^ F-Ua£.l Jlt <j1 I.1A <>o jnlVim'i .Ajo\±A J^jj^j 

• a-jJJJ mftll lft>.ll £y> «Lu^UI «iljj ^j-A 6JJA.JJ» JJaJ 






r^jj uaj iiSLjjiiJI («L^JI) optics cjLjj-*-aJI 
. ^<VJ J LuiJ^J-o J£ju< ^^Jt <j>aJI j^j «f-LI^ J^-ui cy lt 

(3-iij .CjI ftj i n 's II ^ ^jJI ^1 JiHlJj «LajLajII ^ j j MiS'tll IdA 3 ; * j 



<kaJ JS ^i <Ui Sjjj^JI (£^2JI ila-ujljj <^J-ililll ^LSI^jaIJ Uij <^m i -^ j 
liA ^J^ij l'/t^nj <CjLa.j-oJI jLJuIjI JIa ^i <Ql Jjj .(3 J i^iSII ^ UjIj US) 
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P. L. M. de Maupertuis (1759- ^j-^^o jj jjj^ ^jJ _ C5 _ H tf .m'i^JJI 

fj l h i ft JU Jajjj-o jIjjLo (j^^J (ilu^ t (jJJLlj ji 1 m^ 4vl n n (_^iUI jl nuJI (jl 1 698) 
lj_i-0 ^.ft riM (^iJI 4^*1^ j^JI (JjZ^JJ-O *Jj jij .UjJLj-oI «3CtiOn J a fl II 6 La <n1 

51 ^i <Essai de cosmologie (1759) L^^Jja^j^JI ^i <JLi* ul^la^ d ,1^ 
Jij < T t LU* j Vj <gLLluj ^i LLj-Lo oj^ V ^(^-i (Jl j-* a -> m.\j V «AJI JLa^ 

Mini £ij J 'a II (j/*t \ " jjl ^-*Jij-jl 6Jufe ln"V e-jj-tu (j-^^ » J ^ % H <j-o JjN n o j>X& J-fl! 
jJjS ^>j£1 , T ilUu LSj^ «*llnn iCiVLaJI o-&*J ^ t|V>»^ll <j^ yL ^i-uaVI Jjtill 

principle of j3l >nnll JjJJI 1jj-o jj* I^j-oI! J-^Ail jLJ Ia5 IjJ .JjJJI ^ 
a VI JaUI oIjLluaa ^IniftMin L^U <ikLuxJI <Jbj .stationary action 



^^ill «Lfi mioJJ Liij jj^Ijj <1 lAnlc action «J* £11» ^jj^j-a cJl^aj <jlS 

(jaiAj ,-i <Gc j-iJAjJI (J^y^-J <j^ij^ <^> 5jii! SjJjJI JjlS JJLfl «tillj A-ftj fL$-aJL*j 

o $ „ » # 

f U Uji ULf> *i : .~ d oi^j (Jl «L Euler (1783-1707) jjjl jjL^J 
51 ^i. J. L. Lagrange (1813-1736) ^I^V ^jJ ^J»?> JlS <> 1760 
<u-a^ 4>^j (^ *j "'l '"VI <-Lailll :LaJ^UJj « ? >->j il^jLlll oIjuIjlIII aj-a 
aj <«i-\j _ «a^JJ» <jj^5 W^^ 4.ftKII ^ jii - JjtiJI ^ n m" l-4^ 5^->*^ 
^1 ^U^aVIj .j i ,^.VI ,^0^11 jl <^JL^VI JjiiJI Jl> Jilj^ Uj^I» j^Lkj 

** s * 'o 

(-Lt*S ^^-A _ OjLuJI ^LoJ^ f\J-^> ±±£\ Lj»-Aj - 5j < nl t n 1 j Ijl^S't J 

|jt_i lj[j ^j * Mal J-S-S ** l^j 4*t .a rr Ti t (^JJi jl m aJI <l Juh <aj hia II 

_ Jjtiil IjL-olfll Jj& iLa.j <G-o pJllj Vt (j^-aJ J^i *LLiJI j l m i J l dj.l imj 

J-msVI 4.UVt ^1 4^.1 jjl J^jlj (jl ^ VjJ 4la.jJI 6J-A J-jLlJ _ ^<1>II jl 

CiLLj <^\ I I 4 i uil jmVI (j-^'j-^' C>^ 4 l n i.II ^j-6 Jj^j-J jj J-* 1 ^ ^-^ 
^j-a^' 1'^ * 0kJ * n ^ *t f . j j \% 1 1I <2>^-3k. Ql n 1 mi ^ II <*M fll 'l t J 1 4 -J Mil mal qJlSI^JJ|j 
(^jJI <aj iii-^ II 4JLt*uo (jl (^Ijj .^IjlJI ^jlr. jJLuaVI JjtiJI tdJ-«j j< ^yi 
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J tj^-aJ <j-sLlo! JjLfl 4j£, P-^* C£^' jLlu-oJI «LfliUajI Jji *-A>*^ 4-^-J J*^ 
d * V) * 4aja1I OJ^* U* «Uajj-i^i < g- j) < A 1 1 J rtlt" m" /fJJ> 4iLjJsJI (j<i& m J-=^ 
a t m -s ILi <J-i C»j-a-ll ^Ij-oVI :j-A ojjLS tc-L^ J ^o-a^-J J S, l "i r «a j ih ^ ILj 

j-flljJ re^-M <Jaii <ctL£ (j\j n fr^fl Hj *-a1aJI jj^ CjIjI m ftll j£ < fl m^" mm iii 

" tf , # ^ _ S 

^jl f^>fl"t «_a LojLt-^ pLliJI IJJh rt-J n"M inj .L^-jIjj^. j j \\ "t \ pLliJl ^j-o j ^ m j 
4. A I T. ^ V II i^^JI JljlaVI «LLflJ ^j <«4jjUI ^Ij-oVI» 6^ £^ja1I Jjkll 
SjLjlaj e-1 .Aall j_lC 1 J mjlA ljLLCx <ijJLA.ll Oljl iii Ali J t'» "t m'i m <' &J uaJ --J8 
CjIjLlujO CjI nj mi^ II <Ui <*ll iiM (_£jJI f^JjjOJjl ^Ij'tKjflll JJH O I 't'T*, 1 <(_£j^.| 

(V^J-*-" Jj-^J-I ^J^-^ H"**" ui ^ <S±JJi J^ f' I U" ml <4 i i m II IjJi (j-o^iljj 



i^jjjf Jjk 



jtjj) ^Uiiy/ 



j-a * j --^ i momentum (<^j^JI <j-^) ^ L ^ ti ^Li^Vlj <dL}L c^li h i. 
CajLj ^p la^Jhj .(3 J i^i h II yj Uj!j La£) *Gx.j_iaj yj 4" l"< eJj-t-a J i^l ^ 
A j n! m j v-Luaj ^ J-^^ («JjlaJI a^» ci J Ml \±a ^^-o-»-" cdj^Li J ^.ij) cdj^L 

J'^ll A-S,^ IjJ <^U^ II J'LflAJVl ^ I (j nl (j m J ^J^ 3 U^ SjLajlJI 6XA (f-Li-a) 

tjl .j /^>}ll SjLiljiLo <;^.j-o J 1^1 L$J uj^f o^ (t-*^lj^JI ^o^^' <cjIj^JI) Sjjjill 

(g j' .ih > <jLlo < 4 Tll t II ,—fl -i-=^'J J-^ $ £ '^> dU1 - 1 ^$ J ^"*^ jlO LoJJjC *_2k.j-iJil dJLIjla 

' ** -35 

*CpJ^ <*lj*tKjn ^ij dt^jj^ «-o J-dLaLlll ^j^LaaJI ^^-ai IjJ <iali LujIj jIa 1x10 

Ijj'j lt* 4 > '*^j cjt4^j *^^a ls* ^f^* 6^ Cy> jQt ^j^ uj J ^^Jl < *Iv^*v j 
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^1 mi^VI ^^Lt jlL LaOlc lj^a> La^L (jL^ ^Ij^ilJI t'lj'tKj n 11 <^j 'k-^N" 

<LJl in"\<V)) <*Lljj £6jlwi^_j 1929 aI_C J-JJJ S^jLa. J^JJJ JJ j-aJLtJ J-Ll 
^_i LoLaj <JLa-o ^jSj j>J SJ>jLaJI «-Lo «LlzJ ^jLi <djj £-*J * {( UkiJ^^y^ < ^ t ^'^ ^' ***.).'' 
<Cj1 flj iri-^ 'l * in^fc (c-*^ (3. * n UJJ- 1 ^ ' j^ 5-^J-^' j 1 »*. '' J^JJ^ J 4 ^ c-ijAaJ :1^ Ajiil 
«j-alj «LaJjjSl <j\l III <CjI nj uo II c-Lkl ^Jh cAjjjj£WI .LaJj^j CjLjjjjSJVI ^^^ic. V 

4 h jTt^o 4_u=^j-a 4 n m <1„.\ t a" 4 (j ^tj (jj* €\-^J {jpt-u ( i^S\j^J\j^ c^iiLUl^ (Cil^SJI I (p n r A 
jQ nil ^IHa"* OLijijJiSJil ^jl jLgJaLt LujjjsJI 4_i^ju&j1 j a mi 11 6JL& Jj^j O ui Jl£j .L$_» 

oj >V»K ^Ijj-oVI ^j-o 1927 jkLc (^Jj .^Ij-^iVI ^j «jrlj-o^J Sjl" <ILuaU> 
«jt o-Jll oV J^i SjJL^ <>> U>^ C. Davisson (1958-1881) ^ „,j ib 

^ J .^ ^Aberdeen ^jjjI ^i J-*^ <j\£ c^lll ^Thompson (1975-1892) 

J. 6jJlj ^ai c jf^ cr^ '^>° ojLH^V 6^ 6^* ^ *^JhW- l^ P- Thomson 

.^j,„ ? ^j^pUyi j] cjuii! «aV s^jUJI J. Thomson 
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4 j a a j (jl£ (_£.UI La LLa. a (j flj *J Jjj^j jJ {J^^ • LoLaj *Laj>fl fl /t V J 4 ^ tAlj 

<^l -i n.Vlj SjLJI duality <ojLiS 6^ c - ^-* ^ <d ^ fr*J .«JjjLJI jr^VL» 

* z.* 

LaJUa (£j-ll <frj) i A II JjJ .pl n t tn'N II j £l^o V I 4^ (J^ * J ,* n fl O' n ' " I nflNjLLolj 
<CjI n i m •% II j!Lo i_flj "^"**J <j|j <J-^>I L$-^J <J (j! CaJJI *jrlj-«VI <U mi j <ji (J^t 

L^lj .Lili t^j l$J J i^it «particulate «j&Uj Lf>] c^^L LJLL» ^1 SjLJIj 

■_* * S * H Sjj-j-^ I Vt A J (-i * r> I" <(£j_a.l Sj-aj .«Lxj-a O M S jJ LoS cflj <^*\" 

' * - ** •* 

.1 m j hio (£>^-I **4^ c^J '—'J-* *^-^ u -6 ^ J"^ (S^jI '(12-6 j S M i l n 

SjijJ ijj (SjjLuJI «LkjLjj;^!! a^_aLL<JI a h* ft ^Vl j-oJ (^tUl L>°jL>f-^ tjl 

*J_»j(^j jj I fl ^ j' al *i]| (SjLoJJ i^j-dJI juj^UII J^. 1jj Loj^ 1926 *.Lc <C^3 
5JljVI ^jV *a-j^Lo >j-c- «(^jl^^» I ** a LL ' ^ n o' '-f-^J^ La— Ldlj jL»-o aJaj 

J_jlJ ^xi. I * i mi J_»iaJI (-i \j\j tjjUI *5-^-" j'- 1 ^ 6b '^-* ^ * *J <iLtuij 
ljjjl_t*a *cLuJ d ^ *"» \j «SjjkjLaJI j lal iu * H *_a a_aLLj ^_H I J) i ' *"\>^ f^ '3 ^ l<n " 

J^LlIJ (J^uoiJI IIa ^i ^jLSjJI i < mi's ^ J-oVI J^tij ^j .(>uJI jLi^a ^jjlli^ij 
.IJLsJI lla^AJ ^ja^JI .*lj**l<j^H La^j ^jlJI <kl m i II ^j£l <<aJlil«Jlj ijLiJI 

j^i (J^LoJU (jli^La£. (j-L CjIjLajVl i.^m<l j^ moll Pj-ucJI UI nn m '^Vlj 

W. Heisenberq ^^u^U ^i^Ij jL*JVL* LU.JI ^LJVl :Loa 4j-a s>A UI ii^kiJI 
E. Schrodinger ^JLIjjjj.^ ^jS^I Ct^^^ &J ■" qJlJI J '(1976-1901) 
<ILoLLuJI oIj^LlJI ujI im^j LJ rr n «n j oVjLa-A Ljl* U.Lua jiJ .(1961-1887) 

^ n um Lo Jj^l fLu^ j5j .4^^aJI ^fl LH£^ O^'^ Lr^^ Cfcla- (.y-"' <cJ n t m^ H 

wave ^>JI .Mj'iKjnll ^HJIj <matrix mechanics cLkjh t ^ Jl .*iy.i<j* 
tj-c La_aIj^>^ LoLlj ^jl a I " ^ " ^j j " f 1 j i^ II j^La o^j '^ ^J * mechanics 

(jj*jf lj i «^11 ^jl (J;AfJ Lo ^Lcj_iU ^jSJ J iAj| ^jLlflJllai e\ \ n (j j*t j ml a ^jl a_i *^j^.2l 
* (S ****** " ' jLi-a. 4J1 j„i.t o ^jl'i iAjI aGuaJI ^l*t 4 m I 9 II CjJjL IJJ <lj ioLij £jl 1 a >1 U 1 ^ 
(^jLaJI aJLslJI ^^ic I () lclJj (J-OJ-4J (^J «<jlaJ-aJI j n mil 6J-A Ji-o pL ual jj I I 
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pljjjl alc jiaJI c-wLa. (Jjlll LojJ I n I r (jj^** lil <<l£l£Lo <j£J <jJJl^-A Jpljiau 

quantum ^oj-&£JI dy»KjnJI oUj_L*-&-JI ^'Kjaj ^a^-JI <*Ij\KjaII g-jj-* 
.lj£.L-ai jvl (>o ^Jk-ua-JI \±& J /mi" ni'tmj «mechanics 

(jjLfiL/uij (j »" C I * il*a 11 r-j-JLoj ,—ijLi <dJj (j_* V.Ajj .LlLoj «Gjj-o AjLjjpii o ^^-^ 
<,— o j) rt\ II i*h\K t riil g-fiali tyjJI *J'*? I' SjLil l_Aj_iSlj CjLo-uJI j() i*1 ^^^| 

jii .1927 j*Lc g^i^U <lU, ^aJI «uncertainty principle cJ-pjVI Iju* ^ 

,-Lcj .Aj-ui^JI <lj*ja Ju^j La.\\,r- l^J ^j^^JUJ Cjljnfl"* <Lftj (jt _ ^U-^ll 9 UojVIj 
I ** * 1 * a /f ._«j^ '"JU A ) J() ^ ° (Jl.ftJuLujLt p t iii^ f-^-° A » ^" u^jl l»il <JL»-eJI (Jjji m 

S* * * 

tSaJI (j-o Ijjj-o i** J U" Ijl «gIj f ^j ...^ || j^o^J J5VI ^jJr. ^.Ij ulA>* JLojG-luI 

.j trfifll A^.^-o iSj^ ^ ' " , " > '"** (£J-" (j^HJ-^-l <JJ~ (j' V^ ^ <£J8j-aJI J J J -fc " ^-fl 
<_t ml \ n jl i"i -^Li VI (^yic-l ifl^J ^i*^ c^' fr^^ ^^** I *^ ^ ^ j V «Jj^JI J ftJ > ft J 
Jl nl" imI Lfl <^J (J-*J :p (<-*^' t^J -0 <ijJLAJ <^J t\*~\ ni\ (_^jJI f' 1 » i nVI 4-a^j-o J^*°J 
^^-fl 5 ^a*-i jj-o J-S! 6^>Ja-5 P^^-iI» ($\ J-5^- 6 J J J ^ J I \*t^ n j V f^j^oJI P-j <A II 
<j1a1I <j-o ijJ^ iia.jAlI <JI^L1 tJJ^J ^jJI _ Ci^-t-aJLfl .j" <U I n II <j-o tJVl 5j ut%i\ 
i.i t i ii II j^Jfe IjJtsj (jio 4->ljJ (j^o /J-^1 "Lij-i 6^ J «<a a ^-^JH 4 ^ »*^"> * I^J rr n m i V 
CjIj-uJ ^1 «Ij^. *LaJI-C. oljJjj L^J cjIj-u^I Jl m"t ml { Ajl (jiu-flLLiJI J}yj (^jJI 
< LA j J i^>" tc-^' oIj-m2>VI (_gJ ia.i I |,t.ilj-o JdrsJI ^S <6j t mg <Li^j-aJI L|JljJaJ 
Jjla ^J ^ mijUI \i *^J4^ p 1 * *-^l jLkJijLtul <l ^j''^ <A-flJ (j-a JjV t^h-aj *Loj ^^SJ 

Jiljj lj-4j (^jjjfc^ii^ 35 LAjdi SjLil Jntl r. o t^t^JI (jiiU^JI 4U«" «n ^jJ) (_ijl*uV1 ^ (8) 
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(c4j)" "'J ^\r* *' ft J "'?* UUK>^ ^ iri J ' e ^ * 3Lfl 'O J '"T* £A^"° ^ J^ a ** J Jj* i n Aja^j^o 

J^$ U^ J^jS? J J <3^t (> tj ^ilaJLujLJ Jt I Vt^nj j f ^ln^l l <£.tijjl £y> P>a. ^^U, 

p' 

.<^jjJUI i^j-o J>U ^-^^J ^-^ j'*Of u>*>*-" cr'l Jj^ fl H £^11 ^UojVI 
LHi^sua ■ «• ,X\ lULi tAj u^a H *J&j-«J LlijJLA <JBJ SjLj^j P-J& Lo,.Li.r, lUli lj£,Aj 

K' 

J)t <^Aj Sj^^l <^jI1JI ^ 

<L j ^ j II £)1 «-jo <4jjljj^Jj 4^1*1 tjjlajijil ^.fl P'jjjjjLA ]±±a Jjlj <jJ I 'i j I f 
i jajjjljfc f- Lud jJLfl :«jj^Lfi»j ^^ij j-a*j LF^ J - ?*-* f^ LaLLLuSij (j-*-" <Lj {| ^ ^ II 
4_fijJt_&JI P^juo ._£ <ju_ijj2hJj OLjgji^pJ 3^^ J J LaJU 4_u=»jLk 4 4.i.o^ t, >Lpjal IJtJ-a 
6J4J <j t aHj IaC IjL^ <AJla a 4->jV* iJjtlJI 4jj^jJI ^la.iji jJLfl <j_JJLj .I1IUJI 
<<j£J .£_al*JI n (j 1 n II ( -fl JjjjaJjJI jjJ j^^^- <Laj-oX. «^^A (c-^'j <4j^A«1II ujjLaJlJI 

i^_p_i c-^l^ <3j»U"IJ MAI £JUJI » U II <jL£ ^Li <Uj^ ms \\* q i ^K lj[ 

. 4Vj^ m p ^jjjLA 

«tj^^AJ ^kA.11 ^UjjtfL LluLJ <1aU> c^l^ ^pJI <4j<^m^UI pLjjiJI ^1 

SjJftlll ,-L, 4j*^m <dLM-» C-jLj <j£- Vj <cAjJJ>fl-II (j^ I * J " ' «-*>*j tJ^J fJ LfrjV 
.ixii^ «Ijj O^lj ^1 ^i I rt()"ajJUo o^-aJ ( ^iaLaJI £lflJ^VIj ^SjjJI (jt (5jJ (^1 

LL*-aj &.1C. (,i^j (_^»lll - l-jLjjVI 1 j j n I ^jioj i 4j^ rjJh ^Vl j^jj c^»HI Jlj "iJlj 

u-Lua^JI ^ g-6Jj (jl - 4j<j .nM^JI ^IjjjiiJI (j£- Ijj^i IjLsiIjIj fLuAjdaJJ L ml ul\ 
4-clijjlj jw <n^ jJ^-a ^1 ^ ^>iij <4j<j .n!^JI pLijjiJI ^ S<lj^ II ^uaLjJI 

.pjHi^ll LaLo^ Ij,ka trajectory 

:<jGS <jU^ I <_£] ^^i fl'n mjj ^1 
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6 ^1 <3 x 2 ^Uaj JjVI (>ajV1 jaJI <jU <c*lj-a.j 3 <jjLu^ ^U?JI ^LidjVI 

^-o .La*jj*aj jfl i<"> I nfl 1a4 (J>flJlj <CjI.-L^j 6 (g\ <2X X 3 (JLaj ^j-iLulj <CjI«Jl^.j 

Lo LJU. Ij^J <^j^JI ^U^Kjftll ^1 <j£J <{jLeus jAl Ijl^ a^. *L*JI ^t ^-aljJI 
fj\ ^ £[±Sj)1\j jij-JI <i>*-ft J>-o tj^Ij V L£ LJ «J^ill Jft^Aj .liloLk <*x& 

^IjJI J^JI f^£. U I" ^ ft SjLaJI 6J-A ^ JjVI J^aJI OJ^ 6^ L^-*- -" £*** '^ 

iSiU 5' <jL^»1 £>A>eL$"J f,» k »11 jL=^)f' 6^ *^ij^ ctjli i^j>« <>> jIaLoj 

j^ <3jLuJI SjLaJI J>-a (J-ojVI J-aJI <jl£ l«i| VI l^jlf. Jjin^ll <ji<u V fULu^^J 

(jj^ (jl i-i -> j <J jl « - o JI J^-o j-dUijVl JoJI (jl (jjjJjISjJI t *j k ^^lj jaili L ),tf» >- >jil jij 

fj\ (j V I A-Iaj (>a»J .<lj^J mM^JI ALjJ-flJI VJ^^ Ij^J m <_>uLujVI Ij-A ^^y-l^J nj£-*-0 

t * * 

4-t^l^lil ^ ^ -s % \ V 1**1» ^j l-i-Aj <ld^ j-ii-jua <jfd fljfl in o*^J j-^Vt J-aJI 

IjjLsLo j muVI j^JI jj^S <JLiiLaJj .jjjjJ^ISIII ^jjjljjjiJI Jl5 j^-o j\ i<>\\ LjLujjj 

j^«y" dj<. ,,.M<H pLj^l oix^k ^1 ?-ainJI ^J (JlMl SjJJO CiLi^ljJ ji-*-oiJ 

u 

r 



M. Born (1970-1882) l^jL J^U <lL-<>J aor-t ... o -t £j_»j>jU a^.j 

^ ^^Vl l^JI JUol U^l* P. Jordan (1980-1902) o^i^ Jl>^"^j 

^ ct^VI dJ: ^j .^j^\ djul^JI ^l «jt.rtll jjUlJI «Sja^VI SljL^JI 

<A.j-a Jja*J C-^ <-^J^ ^? J O' J^ ^" 1 " '" ^^1 *CjS>^' ^J^ ^J ±*J >*- 1 f J Ji-> a1 ' 
jli t^jl t iig II ^-i JaIjaII 6jLkl Jjlj <-*>Ij </> a m^ )La Lo ^^Jslj <(<< huj^» <UjLo 



.-1 t-JLJI JJaiJ Lf SLi : ijjJI jlaJI 
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<Uj)fl ih II fjJb .jJLuaVI J^l-fiJl jl mi a J^la /c-i^ Oj miT*1 64JA.J-0 '-'J V LT*"^ ^^J"^' 
jjjJliJ ^Lukill ^£. L^Sj^JL ^jiiftlTt t-flj^ «L^j-aJI jL^-V J£.l^3 ^^it jjl*JI (j^^ 
SJjLjL-a (5 j " ^ n ( _A J_clj_Lll ciLLj .Sjj^a.j-o I Q-Jl2-xj> (^jJI jl m n II lii-A ^j-I-C- 
jUVt £)-° «LijLaJI <Tk.j-aJI j i * *t*t" t-ftjN 6 j i (j ■* II <]jl n r JI 6JLA <j^"^ ' J-*-^HjLH^ 
^jj) <JL>I mJI iljLjLjJI ^^u-ij <yx> SjUyi I 't j I r. Lfl-C^^-uaJ 4_j1 ^j i" j j <(£j^1 (^-Ij 
j-o jl^>aJI (ji Lfl-i-o SjliVI g^jjjLh ^^ <jt£ LaJLo *^LflJjVlj J-5>oJI cjn .A" 

^a t ^L^JI llK ^i <5^UJI 6i^J ^jSjJI jjJI (jl ■ j »j<jm.^KJI *Lj±iJI ^Ld 

J-ij^ j J j t m 5" V J <«4-ijLoJI ia^j-aJI» rr IU i^o Jnl" utj Jjlj *J .«LjjLoJI r-lj-oVI 
4 j ^ jJaJI <JljJI j-Jfc «LjjLeJI 4_^j-aJI» (j-C J-JJjJI dtJJ-aJI g I U «^ a II .4j 

?j» mill 6ia Jntj mm mij <(5 J i^iiJI j^i aLiLLS ^lU.^n j^j) wavefunction 

■ ljf.1 i^J (jVI <j-o 
I T^ o \ jj I^—AJL-aJI t j-o «LdlA. <_l-c^L»j *-i r^i Jj^-o 4_A_a*j-aJI JIjjJI O ihjJ 

Sj_ii* dx^j «(5-i^^-aJI) 4j*\j niM^JI c*l ^ I U i/*i r> II ^i <*C>\ (jjj-i ^j^Lo ik^V 

Olj-« A- *J« * o**! lojj I ^"i i ixi (jLfl <(_j-u^-a 4-uj)4^ 4jh.^-o <jl-uj 1 **a^-. I t X Ijlo cl .Aall 
4 ^U\n ^_i (ji>\>^ L5"^ ^J^- 1 ^" J' ft ""^l ^I^J^J <(Cjlj-a ^j' ^r> ml p j i Ai II i^jja.J 
6JJb M-XjujjIj ^t \\inU (j^A fj\ vJjJ Jljlj QJ^Si T"J^** '^'j- ^J^ pLi^fiJI ^h° d ** * * A 
Lo <Ldftj ^i f J"'>l ^^.j-oJI <JUI jjj-a jjniSTt ^^ <ii^j-aJI JIjjJI ^1 iS^UJI 

<u^j-a <JlaJ ^ IjLi 1 1\*\ a j (JLLa p j m^ II jjlc j>Lsill JLal^VI ^^^j 4_iL 



^flU'm ^ J^aJljj ^71 m J0xJJ J-al^fc <jl-iAj iL j] LuC.]\ jJUjJjj^i, <JjL)L-o ^1 LLA Jj^i (10) 

h 2 /m = (V-E) 
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(^ ^Ul jLLLJJ J (^j j j ,„i-,n liA 51 Jk^V .(4-7 j£iJI) dllA pJ „, ? 



'i - - " -* 

Lodlr. <jV fii^j-ft «LajJa il1.iL! 1 g.j a oj^ er*-" J Uh n H L^j ^k^"» ^^lll «u^aVI 



.<1a.^JI <Jlill Born £jji jjhij"i .4-7 JiAJI 
Ja^V -<^ij£ <-^j-» <JIj j-* uj^l ^3-oLiJI U^ II 

Lu r ^ , ft n.'ij Jaili S»lt ^ ^A-uaJI jtl^J Lfjl 

^ iiUl t^> ^^, ^ ^^jj, ^^ l^. ,-j ^ nodes 

^jJI «(j^ill ^«JiLflJl UVtnll iajLJI j^-Lc J irt^'i 

** ' * * - 

j A ...a" I Liijj .ljJ-^3 <J^k.JjJI <JljJI (2j^J 




ovui^vi 



tjj 3 



.pLiAiJI (j-o jUfl'i JSI (jj p^i ■ ii 7 jj-Lc jjj-»-1I 



^ Jz 



Ji 



i! ^Ul ^Ji,.,ll J^^SJI ^ Jjllv»!! 



.JIjjJI 6jja u A».i 4jlr. jJljj Lir. a^aJ g- LlU^I l*J>i <jJUJ1 < LJia II cjl^liJI ^ 
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curvature ^jSi s\ ^ "t <JjL»_« ^^j* j * ** j jjj-£ <JjL»-* a 1 J^JI <J a ?* a j 
<6jaaS /ij «n -s 11 4-LalS II <LiLU.ll £jj& <_.t j •% (jSflj Lo j_Ju| (jii^ijjl (*jj£-ij .1 4j£U 

s* 

^Lfl <JLla1I J u ■" /c-^-J .<< iAi4^ \ft 4a-olSJI <3UaJI (jj^ *■* >^ o^°^ ^° <J^' (Jj^J 



jj_x3 pendulum (Jjj-U) ^j-j ifW-i ^ jj^^JI ^jJLLI il^j-JI 0x11 
J 4 ml ^ jjj^j-JI) (j^s^SJLfl :5-7 J^ .m II ^ SjjIjJI dllil <L> j^. ^1 <^ tl m n 
<6jIJ)ILaI j! nifi «,j hVma ^i *_ij /cjJI «UaijJI ,_i «ttj-duj ^jJ^Lj dlj^L» ((juljjJI 

t_jjuj3 jl m f> ^j_d i_fi ifiTt a H 4 KqI» <-j>£ 6J-rti,i 4-ujj^ILa «Laj^j-cJI <JljJl <j^£j t fljS 
:jl i n o II ^^is cj>3 idckJ *U^j-JI illjil <La lu jj£\ fj\ \ Li£ I i Ani Jfl^.V .(j-a^ill 
jjfc j-i^Vl Jl n'i^VI ^jV ( JjJ 'i ; II) <jJ J J I I t_fljJL<JI dj.l mil j-^a * a --'*j IjJfcj 
d-iij-J ^jjjJJI c- j J O" H jl m ft -—fljJ» ^_fl (j;\ <<LCj_uj UaukL» di |j ^ "t » & »^ 6JjA»j> 





jji) <j^.jj^i «j^^o ^ J .5-7 JSj*ji 

«^.jUL&JI (jjjl^jjl J^^j Jl aXa»L> I jS *** i (/j lq Jl 

I || |( t> ^J^ ^J -C^j'j^l <*-ui^ t> <A.lj[ ^L 

UI l i^^iJl ^ JJfeUI <il5£ <k^l^ j : -.a-» |j 



i! c^jJI 



^ S # ■ j ^ 



aI^j-J illlJI .^^kVI <1=^jj^aJI <1=^^JI JljdJI o-kju jji; ^^ j,Sfl 'JA 
Ui^ j,^ V Sj>UJ JlolSJI iiUJI .J^^k ^it dLU ^lt jVJhVI - : t>-> ...n 

£1 J-uaia ^J i±^.j-JI <J|jJI ^Lj J-S^Lll 1 \ *& oj IH (tiiLJI ^Ja 1 j * y j n 
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JU Ja± ^tijjl 





■I lili 



to^Vlj (LAiLLo Lkk Utijil ^jVl <^^*il <J1jJ1 JjUS .«uijJU .-i <^>aJI «-sUjV <jU1j1 j^i 

f * * * 

.lilLuJI Jjlo ^^ifi Sj^a^aJI -Lili!! ^ 



^ s* S* 

,\»«»>l <a^j-JI <JUI tjLi <^>U SjLajj f (6-7 J^LJuJI) Ijj» «o L^^aS £L^jaII 
uiLSjV (jLilal I * 3 j 4 c/t*j ^"1 1 II a "J 3 \ ^i di mil JjL ^^ir. LA-ajj ***,*> 

liiji ttljLj <LCj_xlu dj-^Tt * jj ai II CjjI^ LJ .Ltjlj itir <L»i (jtn fl \ Ij tf<£lj^JI 
ij& ^_fl <jjfc.^-oJI <JljJI J-J,>^ < T i m^'t -^-^J LXJJi TjS**' O^ <lj9*i n 1 J lu «SjjjLJI 

LoSj »^Jj^Jl dJj ^^ a j (M^ II /c-Lc jj-bul J I nl^l L^Lt «l^-jlIIII j <n4*tj tfLMjja 
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«LCj^a O uj-Jj <<jll mil Jj-la LT^ *4^ nnn iltl-fll lu a I () 'i j \ J i/^i" jlaLjuaJI ^j-a 



.^U a' lri"t\La 



.^luSaJL ii^>IIj <aj m -n II M>* <i^>SL-o UVSrftj ilfl < u k^ll ^Ujj^l ui>JU Lj£ Ij| 

V lil ^.11 h. B JjL ^ 2j.vr>n -JiAlI yi ijJJL d±£ <<i*j-JI Jljlll ol 
^^.^H ^LJjJVI Mjti jJjJ <j-a^ <t£>^J H-?- c>°j *< J H "i I I J>L (^j-Lt jli* 

j^kaJI f lijjVI ui^^JLJ <^a*lfl IjJ .LoLaa Ijda-o If^fr* V^la i^j-JJ <jV <U»iA.IL 
jc-o 1 aLaJj * a> oi * 4 Ij^Aj «A-S^aJI <jX. p><— tii ^1 J^-fl LL*_ujj-j l>**~ O^ <LaLaj 
<jj» Jali I m<o" £a.j-J1 J^klJ Ljui^Juo <jLi <3ijJLaJI ^j .ujLjjjVI lJJ-ft tjIlalA 

j m v» * 3-ii. p j ,,. ? II <jl£ LJ <^£J : U-; II gUirtl magnitude j,li iijj-o 

* $ % 

ftj$a>j ^Lie (j£. Jj.lftll ii>*-a 6^*1 jAj ( <A ^^) cr^"" ^lijjVL J$-=JI ^ 

.L^j dlj^Vt jJlJI 4£.j_LuJI ^j-»jj pL-Jual J^^j (jl^-o 

<*H" \ A § j \ m <La J-Sb. ^J[ cjJuJLwj «L^j^aJI «LjJlj ^j| -di r m 11 c j_« <1 ni.rt ^ ^ La ** o 

dJj ^.a L^-ii a j ni^ll Jj^j Jo'^j ^jiW 4*W\*\\\ l^m^ « 7-7 J< m II j^i SjjIjJI 

•c 

J^kJI ui5-»J LjLiig. f^j im-n II IjJt ^Uail ajiaJ» Ljjt IjIj -4-*j* SjjJ LfJ ^^lll 

t t, t * m* 

^j^Sj V I n 1 1 n Lftl A i <£jj.ft-ft 4_^.j_d c* mu' L^-J2 ^ VK ^ A ^^ a Js^^ 9 d rj" * I 

S f jm ? l ^^LLJI ^li^VI (> 
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^ tfjj^ujj .*J maJl 4^Uj ^Hl ^k-^ll pliaiMl ^jjJ^CtJI ^aill 

dJjAjj «G^^aJI «LoJ)jJl &jl& jjI t 3 A -* *-*^j t^* 4_tii5uAil 



jy» jjj^ jj£. - superposing *_j£l>i ^'t^ll n lU^oll _ «-^ 4->/r» olAj L^l 



{j* jjjS jjt. - superposing <~&\jl ^^ISjJI «JJL^&aII - *. ^ 4? /n oLiu L^jI 

j~J (jli-a ^1 ^ LuaAJ Ifl ukxj ^^iLj <4-xUiJI i^j-oJI <JljJI Sjjj J-ljjJ La'j^ 
<U^j-o 4-ojj <j^.j-oJI Jljjil y-^ljlll \X& Ja-o ^^ajuu .LAjI^cIj LAtjJ 4-^fl ^jLUIj 

^j .u^t ^U^ll ^UiiVI <Lu2 <^c JL^ Lojitj .wavepacket ^\jJ\ iojj jl _ 

l'inj tn^l (jt ^1 -^^^ <-0j Jj^ '""I ol*»"* "'l (^Jl <f^J-*JI JIjiaVL» <J!U-JI 

■^ ** ^ * ^ ^ 

.c^LujVi IJjua -. Jlalj LJ!Lo LsLaj <<Qxo j^ I t,U^ LcUjbl U^J>^. « lAjilaJI 

<jla.j-qJI «HljJ ^jj^j m 4 <<liaJ ^1 ^ ajuui^JI (jl^ (jjl U j /AlLt llflj£. Ij[ 

^ i' - 

6JL^ (c-^- J J) uo-aJJ (j-% I <4 i ^^-a 4^>jj I '^jl /c-A *< I t J m II 6d_A .aj m ^ II 

oLi.j-oJt ^ 4iia ja£ jjjJ ^l>* ijla^J Liik. **-5^aU 4j^"\a j^ sharpness 

I *t P t i'ij La^ fffJHj ua4 ■ 4JJILai o CjLcLijjl a-j U^°J <4 4Pt^ a 4 j-^J-a Jlj^l L|-l jjJ' 

4jM^al J^ a » I" a j m -% II j-i^^J iLtiaJI iijji-aJI fj\ <U\ iAIL ^UjjVI la^-a 
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^1 CaLi :^L^ucJJ <u^j <\<i 11 <Jb <oll ^Jb ^LjjVI 1jj-o .^U-^ II <cUjil j^ j ^ " I 
c*j1 ^jI jjJI i-s^jtj clL^T jl <i r »Jblj cxji (jjl j^I i— ijju V ^i *^-^jj ofl ^-fl>*j 

(j-Mj j— aj-afUI <J ihS i a 11 (j-u j in-% pLlj (<-l^ TT'J-^VI 4-*jj AJfl fl ^ Laj-cI n n 

^aJ j J-aJbj ^Jil jJlL Ji^i ^^U. jJjH SJjjL ^ j^ijJ *L«kflxA iiajlj.ll <JJj-!j 

j* 
^Jl <*|1 uijl .-U. SjjjkJI 3^J>^* u' £*>" L*^ '^ V. 1 '^" 1 -u J A J' ' i^l jl "'J » o-° Ji-^u^l 

S^ja^JI <*lj*tKjnll <dj5j ^ill L <j£] -IflaCj^u JjIjjj olj «JjLluVI 



<jfiUa Culi Ld .(jujJUJI ^X. jJLLt, \jj ' " <JjL»_o <U I mm" La-i LHijJL-o JL 



^1 ciJ mJI Jj-U fflc ^j-4-ojJI -_![ jLujjJI ^ jjIjjj *u^j-aJI L^JLiUa ^Li f c>J fl J H 

<Lua*j-aJI «UljJI 6J-A J-t-o ^1 .^j t o nl ^i\ jl m 1 11 ^j-a j* in i ,— ^j_a JjJo *L^. j a 1 1 
.8-7 J^ m i II j-i jjft n o 11 dLfc fjja ij^>5 jJu i n <LcLaj 6S\~* a 4jK iSlla (£j aj m^ I 



aLui ^Jt JJ>£ SJ>J <^^> <JIJ ^UJ! JUJI .8-7 Ji^iJI 

^J-uiJ cJk^ j >Vi fl > <^.^aJ1 J^Ja ^jl Jo^V .JjtfuJi 6L^3L) ^jAqA.1 

SjjIjiJI ii^aJI <5LLJ1 Ujjjjj JjLSj Ioaj 'ut^ ^' 6UJjL 



<aA.j-cJl <JldJI jj-*j iSf>la c>^ La ff^u <^>«-* (^j-ll j >l ^ ; t>^J <tilj ^*J 




<^>-« v^e ^ (^^ «U-J) ^^^, d 



jl /.j.,.^11 ^.j^ll OJI 



JJ <fa.j-<JI <JljJlj 
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tAjLijlsui j'^'t* 



(1D/ 



8-7 JiAlI ^ l^JI iJUI ^ '^ - (9-7 Ji-SJI) 




iJU <Slk 



<5Lk 



cftSjSj JjJ-Aj ^jJI £-* <^j-J1 JljjJl ^-iliJH -4>»jJLi *u^.j-Jf JIjJl <S^U-1 JjIUI .9-7 JS-uJI 

^j^Jt illLJf oU <^w>*Jt iJLJI t,* ^jlcS <c^j^s v l»a^i (^^i ^) <JUJ1 i^j^JI iILLJi 






AjJ .(j^J^JI JJJ-«J L^jnfJI <JljJl t-jdJJU ^ ^>j^i%ll ^1 Jj^j ^i ^ a" ^ j ^J> n ( % (j-a i.i^ »" di (11) 
CajJ ^JJ <LJljlLx <-a-l! ^o i-jjjkjlii j-A A-i^^Ji ^pfi <1a.j-aJ1 4JidJl 4 I * i" La .*j£-fljt 6JLA qU Tnj 
4^^it 'i UI .jJfJU (^1 tjjJ <UL». Lr l£. Lf i^* U-^J- ul-^ ^ <^jij>i^ H Ij'iftja (^1 JjJU /u i<oLaJj 
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<„i ihA" 1 i A >| (4-Aj .^jj-ajJI ,-JI jl mm II ^j-a 4_&jxjpJI <LajjJl CjlSjj*. pj-Juj -JJ 
<j1 (5I .^j n j II j^J tJJjj <<LLa.j_aJI JIjJoVI j-i-aJSt rl^-o^U (jL^f uua <£.j^uj 
F-l 'j j fl H ,_fl LoLq-j (J-3I_Lj I n I 'j n «jj^-J-N ($-4 jl "'J » <j^° fj* uni Sjj^aJI 
ii^JLJI «UajjJI Lpl^j^j *^3£ ^jlll II mi^VI J-ALiu Lo^ilsLi IJ&Aj .4j<ij uiMflll 
t jj-£uaj ^ill <jJjJI *pl^JI ^ <1Ia ftll oljjUaJI <£-Lxu £>£. Sjjj-oJI cAjLUJI - 
Cj*t " CiLa»j n" II <jlj (<-a^j-o <-ojj J-AL*£lj dLj| cilj-AJ ^fl J y^~ (J' '*',* * * ~ 



<j IjJJJ LclC ljjj_*l UMlaJ >,frl"^" oljJJuJI <j-<o ljJX. ^j-oSLIl Hj'tKjnll *JJL 
(j-ajlAl! .cjli^LLkVI 6iA ^i J^llJ o^fl CaSjJI <jU* d2j ^«Sj m^Jl ij|j\Kjflll 
«jilat <* ts*i\ Jj^-o «Uic JjVjjVL SjjJLa SjjiJI <j\j <jJ-uaJ5 ^-S-flVI di 1 .uli ^ 
i <j| ,—A <jj_A^aJI «LaJuJI .Sjj^JI «L^ja. c_flLi-i*2 Jj 1" ftj-Lo JjLj j -v * <j-fljb ^jij 
(jJ^Ll I n M n LoLoji O-Uj al\ I mil ,— fijJb (JJ«J «LajjLoJI <Lk2k^oJI JIjJjJ V[ nftmt 
LoJj) .jJ^JI /-ij^ (jAJ «LajjLaJI £■ 1^-02! /J^ S jj) < ^t 3 a JjJ mlo <jLaS jJJ CjIjIjJ-A1 

<-aJ^J1 I j tflia li (j-oj iSJj^JJ <jS!j^JI «JaLkJI ajja^ ita.jjJI illaJI ^jujij ^l^ 
^1 ve^J^' '^ <>* S J>*^ 6^ ^ o^iU'im^ LUU .(iLli il^HJI <5Lyi ^V) 
^1 <quantized illio SjjoJI <j5LL ^[ <(sj=^ ^j^VJ • ^^ ^ y* a CiLiLL .*n*^" 

:<-dLc 4-> \"\A 6JJ& .(1 0-7 J*S UI H) Jft" Ml A jjJLL&J V £<JlL2lLo A-lL» LflC J-IAJ <g1 

d:!lj iL^al <La.jiil ^jJI ^ j n<"ll^ <energy quantization iiUJI ^ -<" Ji 

<jldJI tJ^Sj (j! AjH <mj (_^iJI (-ilU^nllj ijijL»Jjj-Jj <JjLn-flJ * a lu j-A Q *'" '"** ^J 
<L9jjUI ^ aJU .aj uiaJI <Ui J^J tj! U^f (^JiJI pl uaiJJ LoLu «Leu^Lo <Ua.j-JI 
Jajj-iiJI» ^ n km La j jJLjjJjj_ii( <JjLjl-o ^ya Ll.ll 4^LLJI a j oS*t I () j 4 JJ±* /c-^' 

.^Ih'ill boundary conditions «ijcJI 
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i^U t^U* Lj .■■* (jUJI ^J ^jjj .-LU Uilj^Jl cjliLLiJj .<jjLJi iikUJI ^^ ^1 

jjX. M U a V aII\ ££^xVlj <L$-i r' J a-iiH <i jt-Aj f>j ni-sJl j irt->* /v^' <aL1aJJ <aj>_a LaJhlJ^ Ijjlu^ 
^jlll (^jUjJI Ljj-<iJl ^^^j :<iLLJl ^j! <j J "J N ^ tf>*J ■W-J C ^ * "" ' * -^ f*~* ^^ <<-aj}U 

oJl^Jl iiLLJI ^ oLjL^ ti_w Jjl <jiiVl iijLA.H <jl^lj dj^j m,^ L^j r;j>* ..i Jl ^ULLil 

-(jjjji^ll ^ j^aI ^ 4*tnoi «LiiljAJl <ju^jaJI JljjJi Lal .LfJ f*4i ...aJl 

^jfil <j^j-JI Jij^iU «jjSj o! t^>* <lj<iu^l£ <lu<ajj <£L»15 <jKH iSLUt ^a/il 

^ «* ■* 

illj^-oJI SJt>kJLj ^^LjCLi I aj4j .(5-7 JiAJI ^i) i^^JI <JljJI aIa Ji-d LiJjj 

^~A L^ £jpjs-ui^JI SJJl^jJI 4_l^j-oJi JljjJLi /^G-oj-La *^A>' D <j~* C t w.* i-ll m /<-l^ 



facebook. com/ketabme 



<jX. 4 Q n ^ o <JLL J->UU 4-J-a.j-a 4_llj JS (j^J <* n J 1 m IS j 1 m <*l I m" <Utjj) ir/i 
««GL^jJ» /jjj J uaiu <a lSjI Jjx 1 nlVnn I nlni (jj^ W -1 r*J n "inll CiLiUaJl 6JJ& (jl 

J& «G*, ■vur>„. ^jjl) jjjlllj <dt£L ojli h ( *,j^ h x jjjlll r^tUI JjUI 
j-ij .(j^jl^lJI J^LJ i± * j jd**^ j^?* II ^--o I j mSf i.i ml \*\jk U j mij j_a (Jj-jJ J-*-j 
0.5 ^a-j JJ - >jJI £x3^z! <c>DjVI n U m (^y-Lc- ^J^J-° <^-^lj ^H-^ 4JjJ° (j^lj^ J^- 
JjS-aj Vj (IjL^. j \a, ,(,<-i> lg-» f-j-a-ujuJI <iLLJI CjL>JM ' fit A (j-*-> J-uslUI (jufl IjJ «jjjJfc 

11- J£^JI ^ij . (12) ^>* <^J '-J** 10" 34 x 3 ^jU <Gl jl <li}U4 <i^ 

.I4J <liljuj| ii3k.jjj| JIjjJlj cASlLJI 6JJ6 (j A» t ^jj <7 

cljjJI j^J ^ulj-jJI J<3>3 J j t 't Lljt ^ j *; fl ' J .4 I AJ n II 4 n m II <jVl dLAj 

jl fclj^JI CilA-»j^3k. aJ i,<^> i.i > ini l-*^J «CjLSLLaJI (j-o ^Jua_j rc-a^jl " 1 mi 4j»| ,«_a.jLLJ 

<L_a>j-aJI «LojjJI J^" ■■■ 4 j U 4 II 4j^j_aJI illjJI (jLfl IjJ .JaijLjJI jj^^o * j j ■ » -^ 

4-ajjJI 6J-A .J< mil ^i 4^ iA^JI i*l ll£ JIjjJI (j-a ^f^ ^ t ^ c * V^'->* U"* 4 K mi n II 

LlAj _ tiLlj ^1 t fl r Al .LaLaj ^JjJSlll (^1^1 J!La «rt^jtill ^jb ^ <£.j^lu ^jjLjj 
4^-SjIj ^i (^I^jJI (_>o^>5 ljJjJj J^Aa-o - r^.jLlll JJjJ ^jl - 4ul\Vi miVI 4laSlll ^-oil 
Jl ir^h\\ SjLiC ^i J^ <_£jJI U j mijJI JJ^ U^ i^ILj ^jLluj _ uijia ^1 i-i^L 0-0 

4-ajj 4£jj=w 4^jj V c^tfl (rc^jOu LujI^j jj^Ltiu Lojl«-fl IjJ .4 j\ o^.fJI iiLLJI c»l *j" ■■* 

^jJI 4^UaJl CjLjJ)" Miftl £j_JjLu3 Sji^u^ (AJJjj ^j-* <l i Ail (£jJ CmI Jj <uJ tua j 4 '"^J A 
.Sj ml ,i n a^j-oSjJI JJhl mm CiJLfl <^^>^.l S jl 1 1 tj .^jA^ t (j_a I (j 1A1 t (J^^jJ&l JjIJ^L» 
LoJJlCj <4 n nS n II 4 "t fll ln CjLjm)" m n (j^ 4JLxolJul OLi-aS II (^J-S * a t^o j-A <j-uljpJl 

iSUalJ <Luoli 4j^ ^-jil>i djLi <LLajj <1i^. n^j\^ AzJj ^U 4j^L Lul^i jj&LiS 

.44 

. Jjfc J-a t^f-2* li^ ^1 ^tl U]j .6 j m iLx o J^^. 10 X 3 jloloj 

^j^-^ .^it) ^Jl Ljl^J j. jU3 g i^ ,(1/271)^/ J>JI) jj^lJI e;j^ 'o- 1 ^ J 1 ^ <s* ( J 2) 

.( 2 li/^ g=9.81 ^jVI yi jLjl 
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* 



\ 



jj^ x h 




iLUJI ^>JI JIjJIj JjVI <LliJI ttLUI 
SjJ^I dJ^) £>UJI <a!UJ1 <^>ji 

Jl ft»"t,ujt IVi^ftJJ .4jUft*j1 u "kfl\ _i 

JIjJI ^> Ujllil jj-iijli <j^i15: jllit 



^j)"*i i ii Ali (jj^f LftjA^. JiJJ-* ^JJLLftaJI Oj)l mil (jij < j t J > Jjj^Jt <Jjl_a_c ^j^6 4-Ut-VJ-La 



i*Ij\Kj r. II ^> i *.i4"i iJLtAj-A ^ 4-j^j_a 4-aJ^ fr j^oj-aU (^Jj-ou jjJ -"* La A Sli 
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<jLL ^jS I4J»! dlJj <4 iri ol i II j «ULjIj-aJI 4 n K II 6J-A wiljx,j CjIpI t^"\i\ J toflll 

jjj! Lili <<3jJLaJI ^j .aJLslJI j^J L^j _>£aj (^1 <Sj^LJLj jl*^ Loji <j-oaVI 

^ ?L>^" ' ^ Jj*^ "'J <<J*^' LT^" ^*^J^ LT^' ^ i n flU.nl I CjLo-lu 6J£. ^1 Sj^JI 

<ui^jL-dl a-j-uoI^aJI» <jLs£ ^ dliil ojjjj o5j ,<ufr m U II ^j <^I^aJI {y> jj£. ^ 
otj-JLa iiLuLJI £\ «Al^JI <^i <«ontological S-u^jJlj epistemological 

c 1 >U\ I JjJ a3 Jjjf V J <l fl J gj-kj O uA ** **^ I »Jj^»jJI 4JLJLa. pl I ml mUj iijJUoJI 

<-a-l£ ^"i^ <jl Cjjj-5 lU .4 j ft >nl j iljJLi (J\ ^-jUa^^Lo ^ J n t" ml (^j-IjLi 

.cilJj^ l^jJil J «f j iAIj-a» 

^_A J_^aiJI Ijjfc ^ SjjIjJI 4flil m, II SjLoJI <j| -^j^k.1 ib^iLo f^^^ 4j^ 
* *ja<1I i*K\Kt ^11 J| ft ij it1 \ j ,\\ ,£.\< |j| L» cJ>*3J 4fljfi^ 4jJ| C^^" L> J£ 

j_a Ojjjl Lo J^ (j&A <4j iALjJIj «LiIS-jJI c*^l j n~i$" II cjjjLa. ^yj-jLi t«it-ilLjj 

^ajjLJI 4 j mi 't (jl .J^Lsl-o ^la* ^Jl f-ljjJJ jj*i r> ,^J-Cj < a I L, * - ft jl 7^-j-iljj <j i m! i a 
4>jTi ^ Lf ^jn<ll .'U'iKj Jl ^1 jJ£ m Jl (^^Ijj-aVI jLuaSiVI (>a ii-JL 
|J_lJ 1 r>J*ir I tj iiilS I j t i a /j-aj) rtS ll <jl t»N i o H jj-i-ij .f' j) <Aj-aJ) IJ-A Jl n*" m) 
Ijlj .J-j-aiJI IjJfc £y* ^5." Lo f-j-waj-o j_A lj_Aj .<J£ Ij-A 4j'mj La£. JIj-mJL 
idVs n »j f^— aj^ ftSll <*l i\\\ \f\\\ 4 \ ml mal £(j£jl_i_ajL» O "^ o M Ji ^j)S" m< <LxA OAflj3 

^Li (jIj-oJLluVI cj^>5 Ij|_ Lol foLI m^ ^1 p 'j^V a H A *" ...I <1j i ft II < o ^j ^ 
t^uLiJI jjj^ (^ *-j>^ "i II cJjn" ... <*rt<l tljj^ jIjJh cj-I <JI ^*"* "'l ^j-Lc. (Jjjj-5 

.JjLflLi Jy=fc. ^J| JLAJlOJ ljJL3h-0 p J-4-CkJ-Ojl IJjft <jJ h ^ * 

J-uoiJI Ij^J j-^^ill ^I^ajJI ijj-tuj Jjl^t inj <l-jLjjVI 1oj-o «JLcLuj <Vj1 
£xSJ£ - f' J ><Qj-fJ) IJufc pLjI a (j *i n iA ^o - ^^juLjJI £y* j t tS^g - * ^ a H U * ... *" I^Jh^ 
f J <ii^ f^J- 6 wijAJ V U£ LaJ <j| ^"m ftJ <aJLJJ l\n^ fl ^j-o d^J s^jLjajVl ]dJj* 4j' 
6JlA .«OJLaJ <L-oJLi <Lfl>«-ft C^J - "' ^ J "'j"' J (lA* '^"'j o' L5"^ ^U-% II 4x,Ujj|j 

pLj>jiJI J^iH ^^Jt llijj jiJ .lalimi <yf\\ <(jAsu£.\ ^ji ^^ <uM m" o II <jj>II 
^j (jJLslJI I1a ^ <^>?^ l^ 1 ^°j^l il^VI t* 5-aJVI ^j ^j<j -AKI* 
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^-£ Ja^Juo <(jj** n m II (jj" A <_OJlj i fl »*"»jJI (£l <A-ijJlJI Ij-A J-*-a (j) <i_jLljjVI 

i*lj\Kjft1U .j ^ i II Ha ^plc <<-LI ...; * <C> «-J fJUJIj .overcomplete JLaUI 

^jjj^ia ^ (»JL«-II «LujIjJ t jjj jL^LkVI U ilf .jlj"^VI I 'tjlf. <j1 I AJoaj ^j *< N 
<C*> ftJ >'i^ l' O» f Laj-Jl ^_4^JLa (j-C a II a II 4— ujIjJ {.j^-JJ <Cm n J m ^ 'l «-Sl^-a J v.\ ■% " 
4J-C- JoJ&i *^LO jl <|^ f*J-* (J^ -^-2-* r^-^-H I '* J I f> U J*" J <t£j-^ £ jl * « *J 
clJLsJI \\\ uSiji I J ml ml lUt u^jj t^jLjjVI I^J-o cU^J <oljJL ^^nJI li$-JJ .LfcLflJjl 
Sj^j-i-oJI jJh (J^ <<lal <m> J£j «fJUJti :<HaLk «UJlJUJI 1 \\\ 9 3jj <jt <j^JJ O V 

(JLojLLluI ^f J* hm ^.jLijijVI IJj-a <jl .IjJb l'nU% ^-fl i$J-^ SjU-% (jti n "t j 
tjjlilll llK Jlft^iiJ llljLa. Ijlj .^UjjVI <aJj J-5>aJI <xl IjJUJI «LJjjJ utJjil 
-^ ULuj Jj i Sj< o H dljJjl ( yuai Lo$j <<Uul5lJI ^Ij^f^J' J^iJ La£\ J-a-lj <j» ^ 
LlijLak \j\ Lll wiJa t I flim LoL&j <wX,j-o J-^J /fi (^^sjjLll fAji* I ViNfljfl <(L^jjLxa 
4 i m fl 't £vaj^jLa (jX (5^Jj-*J .4_ljLjLlJIj «UjjJSjVI qJ*»* Uu Sj-^lj 4 I n •% *■ j-uo 

iijjL^ <> Lll dj V fJUJI J-lS3 „i n j jtVtll <Gl ihLSJI t£^J-ll» u' <^t^^ 

j j m Lj II .t U^ (^-Lc (jl^ ^*UI J^-fl <dJj A-aj .<(<-J Ini ^ (^j^tJ ^^-A <Aj i Ail ^ 

jtil^j <u Li I jj H pL^jiJI jl (jx. u-jLaIII > 4 im^j <jl j-a ^LjjVI \saj&} £-±a i^II 

l-AJ^j oLcUdjVli :j iAK II JLaiJI ^i «LLj-Laj ilLua-a J-fi,>»-a ^5-11 J-i-o>lil 

•c 

j uaUJJ iLl^ ii^co LflJLuaj iftj^La Uja.j jJlj-oJli <Vjj (<UuiL 
6JUlcl 4^jJI ^Q niUlI t ftijAJI u /%-% iim v^LujVl tjJLaJ j J LuJlll |jj& jjl 

Ijjbj principle of coplementarity JLlsiJI ^i <jjj-*» ^i 1927 ^Lc Jv> j j^Li 
<j^ . T ri< U-a j j*^ II Jii «diij .The principle of psychology ^uaUI ^Jr. 

^l j h J 1 1 <-L*Jj 3^'>^ J n>^J LT^" O^H ^-^ '^^ 1^ (Al J l ju^i Ijj-oJI li^J 
6J-A o^ U I ^ 'i (j| 4jjJ <<J j-^-l j! tJu-aj jl j 'i A, I I "t j I r i_j^ t Olj <aJLjlJI 
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I4J <J^Lc V CjLujI ^ji Min U n a-uJlj ?ja hm II Ijj-a I4J iiiLla.1 ^lll iijjUI 
jjj IdJ-aJ i^jij >i^ J-A ^Ul JaLpjVI ^ Jj^V* "' Ll^J <1dJ-aJI ll^-J 

Copenhagen <j-c.L$_Ljj^ ^.j ..« 4"» ^ 4_/>ij_« <-x£j_a jj-j ij-^-o j-*-j 

jj lu-Lj .«uijLcj *Ll» j^J j^j * d ml ^Ul ^j-a£JI <*1 j M < j nll interpretation 

J-A J <4 ia^oJI illjil { — » n"^VI j^aj jj 1 11 4" ^j -0 t— Ai'^AJ' (j -0 g--* '»** J-A (j^L$Juj5fc 
jJa-J 4_fl_a.j j_A ^«Ulj <iJ u\)Vl U 1 rt 4 U nilju I i n S j tn I t (£J-1I a! J I II lJ-J-6 
_jJI oLluLlLII ^-jI-^J («-^ Sjj-uaJua L^-lLj-La> j <nl*ir. ^^jJI «La-iaJoJJ «4 j i <r»j» 
I W\flLj ._A CjLluI % i II -4j*\j ujMiLII fr^g J I 1 ft II J n»* inj jLfl-a* aIjA" hiLj (_£^aJj 
(_^j_uj o"jJ 6 J 41 j II 6J-A ^xc <JJJj c^-*J V fr^^i" J^J <4 a j ^ lr> II ^^-Lt Sj-i^jJ! 
fr^J A IjLi IA< a j .Ltitia. 6jLaI£,Lj 4_J[ jlaaJI J) ** ** "'J V J < (J JLiJ)J ^1 * J a £-f>* 
<^Li_a <^j-uJ Lf^) VJ "'T* ?> *^?"J^' 6 j J a a II C»l a n i II 4 j l «a,^.iJ (£j}~* ftH dljl ^ % 

jio-> IjJ <JjLULj .iiA.j-o CiU lUi^iAt A.MiJI tll ,3^ jjjlc ((^jjSJI rl>*jl 
jjj-o jjoaJlJ <M1«) «Ajm^l» corpuscular «u^wn^ll oL^aUJI u ^%4l ctljL^ 

<aJ Jl n*Tt ml OjJLa£: cLL) (-i ml 'i n II fjjal t ( <jl&\j£. JJJ-fl ia-jJ /^-^ t jjt>*-^l Jv> x ^J 
<lL^4-aJI CjLj-u^LLJI ^J J-a-ojJLII I 't^ n j <JV J>-^J V J Ij-A -CjI "J ■" ^ N 
_i <6J-A Cul^ .(jnlfllvifl ^jj" o m 11 (jj"l A fj*i <*X^\j fj\ {-& I analis A j r>j m^fc II j 
Ja^JJ iSjjI» J >?-* (i^J^ ^" Hj'iKjnll JX <jV <f'^JJ^'- A >^ ^"^J «(^LluVI 
JIaHj P^j-i £l jjfi aIIIJI <LLaV <2^jia O^J <<Hla-JI <jjjj^jJI jLuajVI tjOJ 

<^j£.L^ajjS ^jK mi ^j-o ^j^j" 1 I n II ^ kij'inII JLa^jj <j ^U"n La^ij :/^*m i A II *J5l^]L 

.6Joa.jJI <lilaJI ^A jL-ajVlj djth^^LJI ^^j"*^ 

*< 

J J Ml fl" ^_JJ A lili *\ 4-j| ,/^OJ) n S II <*l *M V t #> H ^_g J * faU-ftjJJ 6 I ■"' ■"] «LlS^-a ^_A 

.<JLjJLxJI t i i ti<^ ^i (^LUI jL^. jjJ (^j-1^- £-1j jj » " 4" II Ijjb ^jl tdJj .^r I ^ ; .j< 



facebook. com/ketabme 



.S^joj^ «UaaU (^ftaAj Sj-aLui-JIj j;**"H < j^ jj^.j-JI interface 



. ' j * 

<llai L^Li^J t ui^ L» J£ cJjlj aSj ^^^I^JI <L3jJ Ij^. ^ ilus> Ltf .4 niil'i^ll 
^LjJI JuucLiJ! ^ 3iSJi ^ jjjH Mi <ld^> UL=u Aj^ L* 6^ '4* -u^-*)" j^ 

«£^wl» * Uo^oaJI liA Lf ijLj jjt c>^ o^ *pointer reading «j-iij^JI s*!^» 

4" t o dUa ^_Lc j^jt II ~^ jl <LLjuI 1, 3 a a m." 4_*Jji jl <*-*jj cr^ ^ L j^ 5Lja 
1 a I a » t » ^yiLuLll <S\ ^ jil (jl Lr U t^i-lf-L^ j^jm^j j-^j • Jl P * ""» lM^' j 
iv*<- : ^l!I u^Liu^JI 4JVx» <>^>a£JI fJLxJI f^j l^lr, uw «av <U<j „>^ 

J <^jJ <v2»l>J-ui Sd£. Jljia l *» fl j d o jl^ ^LfAj^ JJ rafl' jl £aj .<U l^ Jaj J 
ljJj ^ (JJj ^ ilallj ujj .4j-oj-a^J1 P45JL-0JI LS i£. L-fi^il J-AA-i (j^ljill J^f^ 

^-i ^jj^liiVI j^-1^- jjIjlJI Jl aI^>Lj 'L^lj La£ ^L^JLJj-a 3f-^° L*** 1>\*»\5 P* 'Aflll 

t^vliJVI tjLi .ttt'nt ,^IJ1 iiLlJl ^i llLi.1^ ULLjI Ijp .^LAiJi ^> <kLi Ji 
facebook. com/ketabme 



1 i'in >n j <lj j* <r > L ^J-oJI J^kJI OJ^J £jlAS> J-d JLal^-Vl Ojh±*J <\j±& LT^J^' 
J£ SdrJj Sj-a *illo) j.A^VI Pj^kll j^Jr. U^i-a^ jLlaL i^=kJ-oJI illjJI j-jj-6 

. f ' - ' ffr ^ A J '''f- 

jjjJLc <<JL-uaj_* ,^-fl ■ a ■ "I < 11 iZ\\\\ 1 aJ-Lc j <A-nVI *j^u=JI j a" ml Ij^j 
* 3 mi^ J-J^5j .J-Ij-aJI iJJj ^ Jj-a.j-o a j mi^ II <j\ «M m II J-J-Lj V Loj uijjJ 
AjA .tJl_J_A OjLH^y Ol>^ jLaJL^J iaJaJ uijJLj LiS <Aj ml i a aj m 'N II Jj-a-J 
SjjJ A^*" I I fl a nwp ^j-C Cj-fl-i^J <Li^j-aJI <JldJI ^jLfl <LaLaj ^_a-5lj ,-jJL-ajJ 

d ° ' ^ J j /d *7J A ^ 5JIjJI ^yi j t ii "t II lj_A ,, .ft.ii.ij .i a imKII dlc <UL-M»jj_d <5juLt^o 
collapse of i^j-JI illaJI jU$Jl <^jjU" jU-^ Jl*» * "'L* »1 **& mMl <Nj*m 
OjJI ojL^I tiiSlj^ pI^Ij ^Lilj^JI j^j Li^i I J<j .the wavefunction 

^1 J ^J" II <jj .6j_na^J (^*UI j-ji*J-oJI S*ljJ5 J-jLSj J,\~h n f-Sj-o ^j-JI 4-i^.j-aJI 

jjfc << mi ft JLij ^-i <fj -^ jaJI «UlaJI jlj^ \l u.^1 nij «LjI Cjjblii j±^ c^iJI <aU&jJI 

^UjjSj-aJI *LL^=lXaJ)j «^jiLL^JujS j J irifl" .-J ^^S^-aJI 4_)JJL_^J1j ^^Sj-oJI A J) (} 4 a H 
(j[ 4 mUJI >- >lll]l 4fl ->J jliA* <l «Aijl <<j[ ,J_*-ajJlj CjLI .11^ II (j^ «LLaJjJI ^ 

(j^j ^ m in.lt J .n! ,,M II ^j «determinism £Lal^JI ^^jlL ^j ^< II dj*Kjnll 

ifmKjnll ,-i jinll J>^J A*A£. (c-^* ?™ I ^ > a *'- AJ (jl ^1 <J % ^" ntftllj ^^olaJl 
<j^j-*J| <JlaJl ^1 {j£. j h \ II « t-* a; <ol ...IjilJ Llj|^-a.| J_a5 diljj < CJ -oj fl^ II 
Jl n~\^\ j_A im ^Jfc <j LiJ rr n mm Lo <JS ^j^f flni o <l Uft't ,—fi <V a! <jl ^] **" ■" 

j^J. /nl <aj nS 1 1 <jj-ojJI 4 <^>^ll 6JJt ,^-i -4_iJLj <^oi O^ » '/v /c-^' J * ** tX JU ' " 
4 1 a f j 1 ln j aLmj jl ^ -% <-xi a j < a ^j-oJlS ^-J ^j!j '^ a A 4 U j j a * iJjj ■^ , 

Sa- yii <ljj «^lj-i^ ^U. iVI (.'K KB) J^^o.oVI .^U.i.yi JiU-o-uaVI 

LLi^i <ljj .4_oJ-t Jl t\~\ ^1 ^jLuij JM ^ a iAiVI Jl a'i^I (jLfl fSLLa-a_a 4 j 't aj 
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12- J£-£J!) £L*.j £l-6 .'tjailU. t> UiU <k5JI ilU, <^U ^j-aUI ^lyK^H 

(13) .<-, ♦ , , ,-, 



£lu. LjjJU. -h &± £^1/U — <LUI <JU> 




5jj 1^1^ n 4ja. <LS .^LJjJjj-ii <Ja3 _ 1 2-7 JSLudl 

*^ J^ J^f <lxjiu IjLfl^ (5^^ ^A» Jj^li-o ^ 

S<laJlj j "lio H loj'ilLaJ <_j^1jj ^ji 5j^^.j-o <LaJ1 Ja 



<sl±L ^ ^i^l 4jij^ H <^j-JI JljdJI ijU^ gj>^" >..j .<JLLU oVLi. L^p 
J.A Sj^.A't i^tll «jia ^jl Jji <Ja SikilJ <Ua.j^JI illjJl jLfij ikii ^1 jJls, <j£J 
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I *\ k \ \ r cJJjj <J^V Cx£j i-1 < \ 'A i II fj-A pja J-»-> J-A S ( jjJ ij^ II r^±£ J3L^. 
«Lkij L J£ SiLi* L$j1 ikiJI ji£ ^w Sfijjj *1 ip. ikiJI IjI Lo LU^Sc J>n ..." 

• CjVLsJI b±Jb ijju=* CjVI o"i^L jo-13 II J-fclj-SJI f--*-aj J-A ^^-aj, .a 'S II «*lj*»Kjall 
/c-^J) n ^ " '^ K * Q U' J^-H3 <p-L>j i ° II (j-° r^^J «Li-aj-aJI t J i r\ ^jl jJ-i-» MN Aj 
LJU. ^jl^j <ljf^ LoLalAl 4 n mil &J-A (j-jl'i iVtjl ^jt dSj .«LflJVI t -i *^j j\ 1 m" ml 
IjJb jj-j (^j^j J-Sj Ij-A .«Jj-±JLj < T m L V 4-LII» (jLj J- a - a JI «Luol^Lcl JJ>J Lo 
<jLa^ <jt j^-Lt lj.*jla" Lajfl a ft Jiaj 4j\\\ mil lo.i-0 ^1 «Tih^^La^ I 1 \\ -y jLSIjVI 
fjjjj l-Iij <G1 **« t IdJfcj .aj nn II fJ&J-aJ AjISjo (.8 '^jJ ( (jA-aLc, ^'m om LaaLoj 
jl j 2> 1 fji j| <<Li_i_i_i-uJI CjI j \ a f*j-a ,.\ t j" '""j «LiJ-JLilJI e-Lij-i-fiJI jl " -s " Jjl LoLi 

■ <juU mil ^j-o «luJUM aJlC Jj-oj *-ijLAj /V°J) nS 1) iil i*tl*\ inll 

^j-U. jUJI J^lkj Lojlxi .lojlf jLlll J^ILj tjiJ <£LiJI L^^i a /> m"" V <^*-ijjjj-i£j 
«uS^ ^ 4 «ol i^j x <L5 :,_a jl o -s H ilLa. (jLi oj^JJ JjL*JI <J&5JI (jjj't i^> 

ioj 1,11 ((JjLuJI ^ La£ ^Ij 1 m 1 II jLfaJI (j^ij <la-ujl^aj 5-<-oLu3jJI SjiTttll (^.LLsCj 

.«LlSjjljJI ^-i cJlj Lo L^jI jl (f-I^JI ( _i 4_i-oL-^jJI (j^j (jL* ijjLtuj-o c»Vl ^"i^I 
«LILiJI ^ AiAj) ikiJI ^ ol^j ^jb 4-<-aL-«3jJI (jj^J Loj^£. <5j mljft dJj jajj 

LqjA£. jl ^^J-* <-l*J5 ^1 I \l i<->jj> lxAj f(p|^JI ^ 5-uaL-o^JI OjI^ lj| « Ja H j 

'.n\ inj ^UajJI yli fitaiJI SLja. ^ic kal^ ^ 

• P^y-iJI (jA*j 1jJ>C- J^JJ ^ _ S<-toL«aj jji <JoJ8 uj-uo 4 j 1 n r t^>aJJ 1 fljS* _ ^jj-tA.11 J_i<oLa. (14) 
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<-kU1 LUL^ 1 o * h tjj_£js entangled state <<s\ m n 5JU. ^^^-U JLL* Ijj* 

LuKaLii <aU»j1I «LJLJLaJI <JLaJI ^Jt 6J-A Cul^ Ijl .Lola. JjjjiLisIx iu-oLojJlj 
IjbA j j iriTt j-A La (j^J .>.UajJI "t 11 ^ <j_u Ij^. ijjjJtJI JjkluilJI jLj! jAli £-3>? 

SjirJuyll <AllkJt ^Sl>Jlj «ILal] ^aJIj CmaII jj>< ^< 

1-3^ jjl I Ia <jl£ Lajj .decoherence .kJjiJI J^ ^j <<UtUI L0I4JI Sjiill 
(ZUlW ^k <iA i^ij x 4"tj rt ikij <<uialJI ^ A *A .oj x ip. ikS\ jJJiill ^ 
MAJoj ^ajj V aQ=l1!I Jl IJlA ^^it ljjj^jjj .?j^ II j <j j a 11 <j j" U i 1 1 ^j'j^^oJI 

-%«"»■%■ 1 LJLjJo LiSljj < j"*\ J /d *"- 4iaJ! jl 4jul6 <lai Lol J -%■ *^ Lxa^aS I iS ulS * A 
a U II Lj-oLcJ LaJfcj <<LtAlaJlj «LiJO-iaJI ^jljiifi <jl OJUJ^ 11 L>^ ^'-^J J ?^ 4 ^ j" "t ^ 



•M s £ s «, ^ 

&J io «LajLiLajI «t^aJI ^jj^j Ladlt 4 < rtl ^ t j <<JLfiJ '■">,* '*^ J^ U-°^ J-^ <A() ftllj 
><Jj^"ill «-e iLlLaJi-o CjIj >ALjj (jJ^J (j' U^ t±f *UJ mU j-laJ <4^.j^j LjIj ^j-A 
^i£ ( Vaj a^ II <ilj\Kjfill ^jl 6jLLo ^jjLLuljj) <x»o5 rljjual ^j-a oS-o-a J^. j^j d5j 

,~ # " " ~ ' J" * 

sjJo-o 9I a h. J <hidden variables ili^L^ yl^-jJiJU 4_*i ^ <> '* ^ ft .* '^ 

IjS^j fl -J '" ur^ J^nS^ f< -"^ ^-° ^*|) ^' <La£- £j"u inrt / JaJoJiul /% <^**>\ '** A , 4 "T' 
*-o J-oLaGJI ^jl .ttlU-A 6 j j (j ,h jl ft*t^L> j 1 Mil j-A <JjLi <xoj aS II 4j^)JalJI CfcfcUaJ "•* 

s* _, 
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Cx&jl\ dJj ^"^ ij ni"^*t pJ <JL±a£. <jjh\l VL*-a Li^-Lua^J dllil ^^iLo Uli 

K' 

^alf iii^ jJoJ (j^J -Ijftlf- ljl>» <JJ^ (j-« >»^ &* "'J 9 J*ia. <JLuj^ jJjj ji 

*l* J. Bell (1990-1928) J^ ^ J^i ^> «L>*ja> J* ub «^t&LJj ±*~» 

«« ** «K» 

a ma *j I ul i <JL m <aj) J^ ^jS-a-aJI ^j-° O* ?~* (J~°J <4jft.a>. a CjI j j * i a ^ n r rtTt 
cJjj-ilj (jX. t fl I" ^" ^aj n^ II tJj'il^j o II ol j J ** ** <j\ J-J Cjlaji «JjJI ^-^-J i^-^-J 
La jJh « '^j aji « a aJI j-JlLoJI .lOCal «UjL-uij-aJI «Ui^aJI cJj-i-iiLaJl CjLjJ&j 
^jj| { aj ...^ II ,-ILaJI £-3j-aJI £-o <ij-»-* U^°f £^ ft jf J cL o <j[ :< S^ £ ' <La ^ u ' J^ 

Bell's theorem Jj <lA^-La ^^iJa Vj lia .i^aLk cl}ll*V lj«j % *U LikLa j±^ 
IIa ^ -"^ iiljJ-m L^i v^iS^yij ^^jJI <non-local <u« .oj^UI ^^ »11 caljjJLloJI 

£>^J <LajjX, LjK al lj_A J^J-i J-5 fj-^.1 <jli-a (^ 4 n <oj o* n 6j ,A rt n 4 n mi (j-Lc 

O K' K' 

^^-A <J>3Lll Jj <LLA^J-o ^jl .<-JJ^>£- ^(^-^ Ji Jtn uu VI I Ttnlr <U-aj^o£JI «LjJ&jJI 

o 'i 'd 

Ji (c-^J -6JJJ> a II <_ijLaJ*JI (j-a 4 1 ml m ,-i L&jl iW) (£j^> jj&J <<JjiiJ <L^_XXJ 

*> 

3 la* J La-ii JJVI ^-l-C <I_L^ U»Lj ^j-aj-oiJI «*Ij*iKj n II <jli lj[ <lii_Aj 

_ jJL (^-La^-o aLoIaL ^k^j ^i IH _ iJKjjlj oLa.ljl5VI J& ±*Sj .JjIjJI 

ITiany- 5jaJLl-JI aJIjJ-II J J mi* ^^Jt <J ml 't rt ^A-C 4jrt m" <J dijUf.t ^jJI jJb 

V ^,^ ,Yi Jli jj» L i^ ^f iuA-aLi. g < j 1,-m ^lij *worlds interpretation 

^^La tj-a jj^II tiiiaJJ .iiliLjjKJI CjIjU^u VI (Jj-^ V J f4/ta m jKjmJI jjL«J 

H. Everitt (1982- c^^[ jli jj^ m^I ...VI JU^a ^i «lL^ <a /m oljV^JI 
S^iiJI c^li .1957 f.Lc l dJ lf, J ^ ^iJI 6l^al£JI ilLujj ^ cilJjj J 930) 
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<j-a CjUL^^LaJIj ««LLhLiJI f-MSJI)) (j^ Jd£. £jj JJBj .(^LJLlJ jLfl-a. f-* a j mjl 

* 't * - tf 

<(<f-^j Ga-o <<3jJLaJl ^k <<ki]U lil) iL«i \\k-\ n i^j-JI ilUL l^-lc j^ju ^l 
<ui Lao^I) <jjljloJI fJI^*JI J^ «11* jjl£ jjc ^[ aJUJI jLim Jj5^*ill liA <j£l 

.iJLaJI jj i/V*> ^jajj L>"t^ (SJ^-* LoJLa tiLuj (*^- a ' 4-«3 ^-aJ (^J *^-^° ^^ 
jJLaJI <j-o Lc-j-fl jl'tAj t^Jalj-oJI f' LoJ J-6 ^L-iiJI jLfA. J-clij (jLfl <4-Lo}La.j 
4jjIjIaJI aJIjaJI (j-o JjIjIaj a-% iA jdS <Loj IjJ <;JU-II j U iVt <a3Ij-o J£ .<* Tul 
LoJ (jSJ fl^J-ul j t mi! j J rtfT» cjJL-uaJI (j-a . 4 fl H ^ ft Ciljl i,u.ft 4A-0J2I 1 fljfl OM m 

je-ic- j * mijjl Ijjfc (JjJvALj (^uLjjI (j^JLji <^ aJu II jJLajJJ 4 L mj (_>«fJ J.J-^-H <J^ 

- ** •* 

(jl^ lj[ Lo jl haV <JL*>^J 4>a-J V (jl jJaj <Jj ilA^^oJ UMij .J^JI J^-o 

OJ,lf£ LoJ j .1 d Tkl^lSl (Jja. Sj^Jj ijj-=^ plaiLujL o-il n i^'i mVL jLjLALo JiaJI 

.JJLj A a VI -J Injili 'j ■*■""»» (jl <_j5lj-oJI <j-o <-<1rm 6JLA <jj^xJI 

d j, t ^< ^-jjO * W J miaVI ^^Ic jj t *U* H iLLS jJLUjjL^-i <JjLsLJi (jl UhjLLa 
( jjSa (j! ,A ^ f - af*^? IjJ fS^SLiJl 61a ^l 5j\" Miftll cjIjj milJt ^j^j *(<ajLxJh 

<6JJLxLoJI aJIjjJI j ^ mi" j-J I ^ LJJUJ ^pJI <f n m II jp5*4 JJ^^Ji LjJ-jl£, jl^JI J-JL 
SjJjuLa CjIj * m-JjJI 6J_A CmLS u| La dU (j * * * (jl ^^>i 4J-a <— » »"" 1 o4-Lc tlLI<3j 
<.»,j ua (j V I (jjJL-flJ (j-i-AjL^jiJI aIciI a (jLj J>Lll JjjJI ^j-a (jl (>k>lj .^JIjjJI 

SJjLl^ (jl UaLLa ^1 <Sjjjl1aJI fJj*J j j .ni'il vanilla version Xi_iUJI 
^ ^ # 

KJb (jiAJl Wt ((<<J fll mil j i AJ Jjj-LLi ^jjj» (jjj Ij-A «jj m j**t II ^—11 Q jj lAi (^^jJlj 
.SjJjlLoJI aJIjaJI j j Kttl 4"jft m "t I J-uail <jua-ajj f-<-oj r*J^-* wJ"> CjL2uJjuJ| ^j-» J^a M *^/ 
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i"il n a ^ " 11 /c-Lc- ij * ti j 1 ajAr La J-^. _J1 4-2*— uaJI <j-o <J ^jjjLuji j /U-&J a S II 
UJjLaJi u-L5j-ftJI IjJfc J^iJ '{J" ^ ^J4^' I ^ J n '"*» /cjJI tCjIjiil! ^aaj^ Juj^LaJI 

Ifj ua3 <lj^. Xla ^jilj tuij i^Ti iijj^-cujj^LoJI a.1 m^VI J jjb UUi fcJal^lj 
^jL^. <<TUI m m <j-A «-j j i^" II idJj <jl ^JijJt-i I ** *^ I :<U.ulIlll pLjj^JI £-* f? "'\* 

.oljUI t>a jjo^ jjc Lf k. (JjIsaII ^-oj-o^JI dLjjKi-ttU 



Jl a"^VLJ .LfrjjK umj I () ^ P il"i\ ^l jItimIj <«<lol n J I ^ijjjjj-iii 6jJaJu» A^IjJ 
£-aj-o£]| di » *K**H J <j j * 'i j <aj}Lo CjLAjjjIm f n II U m jl ^jl LjJ dl>*f t£»lM 
£jja 4jj^-° a.1 mi^V I uauJu mi a Lfi-i-£>j f>^^ ^Jilj tjjji^ a CjIj^»** ftl J^a>j *2j <aLj 

s' 

^jA aI r ^xj A »^-^j < j t ^ j-q-1i <JljJI ^1 > i w jjlj l«i_A .Ctl rtj ih ^ II (j- 4 JJ-£ (jr' 

£j\ «La <JL»jJflui (ui^i » jS'l ij^uaU 4 J aI mi 4JjLa_a £ji <j(j)l^^> tf^CL^JUjS j J m ^"< 1 

jl tfl Val ' ([ * 4 A I O ^H* '^-k^J^O <JljJ (wU*V* ^JlJI Cil J 4 * "l II f t A*% £)£, <Jjj IH A (J^Sj 

•f 

<J^-xUI 6dJb JJa ^ <LHS_aj «-^J^S -t-^LiJ jLi-«J ^ iJ^a-i ^iJI (^^>JbLtJI 

£ d ,vJ ^ >j < ( ^QJ A^JI (*lj*lKj A II jl~U ^j/> lA jj A*l^ II J <\\\ mil ^Ij.JftJ JaU't^Vl 

S^-oLUI <uLc 
^^aUl ^j'iKjaB J^IjUI pUJI ^i decoherence lajijlll J^ ^-L^ ^1 

^jj| aIjJLJI ^^ujUJI ^Jk Isal^lll Jja. ^t SjIj (^-^JJ 4 " J ^ H J <^JI klaUI ^^aj 

tjjj yp-jLc- 5ji" m ft SjS (j-A ^_iJj_6 <i^ , o°~^ J' fl > j j uaHj *lH inflJI L ..«**«! 

C^l^ Ijl La r-1"**" mVl I J \*S a t <6j^JI l^|,-J[ ■_-***" • ■ _ll| jJ^JI I" *alj^ ^j <^jjjj_J| 

>» jl^JI .(13-7 J^ill) jL-JI J os^l\ *L^L euK S^SJJ Uii^JI i^^Jl 
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<T,Ua 



<u 



K' K' 

^h-JI ^ ja"> »n" ,m Zj$A\ oU t(ue^-l) t^-fl bars L^&JL <jJ[ ^Li^ ^Ulj .decoherence LJjlJl 

.JS^jJojJJ (JjU (_>«Ij5 jl^-a. *-^^ uj^fj *i£j injll 



jjjJI ^^ mu ^jl ^Laj <<^Ljl\ LjjjJ C-^ijJ l*Mj .cJ^S^ll Cj\ n^ i^fl I (j K 5 I^juLiSjl 

-* ^ mLq j^-a <JoJLlli liJ .«ijuaJI iLJLll» ^ "t rtj II jjjJIj t«4"j aII iLU!» j£j km H 

dK*UVI l^ji lul ^1 Jali <ILJ dfc ^j .i^JI ^k fS <Ji^YI ^1 j>>G 
(jVI LbjJ .J^-« Lf -lc jl4-aJI £>" u^ Cy> I v^ftj j ^La^lj ^ SjiJ! j -^^j 
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.(Sjli'** (g\ fej) m" JjLa.1 V j 4 j lAUjJI 4ia_uaJl jj h i SI JjLa.1 ULfl <^jAl Sj-oj 
* j « } J Jjj-tiu p! a.i iii^ (j-<& Uij-us» I nj m^ I (J 'i j < o j 4-a»j-y.M n 6jS jj <<^>" WiS nj 

^Jc ijjl^LaJI SjfDL jjUTt ^jjjLiIJI jl^-^ iJLa. (jli <4jIjjj .<jJjLjlx *ui A*s^""t 
* » cu^Jt (jl -jAjia"*! .device ready jl a > H jIj*" ml ilLaJI 6,1a ^^«jj *SjjUI 

_ jl mm 11 ^^J d^aJjJ l-a£Ijj (j-A <JLa- (j-4 Jj^^-o <i_Ji^J jl (j ^ II A . n ua ^Ul 

s* 

Lo I JJbj - (j l a .Jl /jJj^ - j' mi 1 11 _- 1[ j i iiij 1 rtj mi 'N 4 j n «11*1 mi La ijJ&j 

1^ t, h msll CuLa. JjdB J-bill «JLa> (jj£* Jjjlt - Uf^' c^l Jf-"^* ^ 



t t n mi t m 



1 \ Ml"\ 



/j^loJ/ ^p/ jj uli />ji.i^. -f- jLmjJI ^l jj-uij iiniJ x ji^JI JjjlLujI — iu/aliV/ £/L»J/ 

^jjjjl ^_fl <Li_fl (j^J >-^lj3 ^Jj SjSjl J «5Tm < fl Mil S H A J III ^ H Aj l«"M (jj^-J 

I^jU jJi <j^j f^^iaJlj ^j^atJI 
^^ulJ/ ^ SjS' -h Juni! ^s Zj£ = iut^JJ/ <JLJf 
lla. V*J-*" -W>* J^ ^ofLi <dl£ia.VI ?LmIjj ^joJL iLoj^a SjUI Cuil LJ (j£J 

.^jJULjJuiSj (jjjJLa. ^j-H I ml Mil Jli. L-jS'jjJLfl - (J t AJ H jjJ (Jj^* j' J' iiHll 

jjuJI ^ j-SljJI (jl Sj^^-o SjUI cajII Ij| Lax. JIJ-uJI jJb laJb JIjjLo 

6J-Aj .^j-AjjJoJI £jjo ($\ ^y^ ^j^-dHJ <jjl^Xaj <6jj»UI <Lo-5 Lf"^ ^^ <Ljjlj"i.a 

.^ji.! (jjj <^a. (jJI IjU^o (j^j Ida. (juLI^ i^LuiKJI Jl J^UJ c^^^ ^fj^ 

Ifl-itj <1 ^m* ^ LoLoj iLuaij-o C> i ii j I Sj£JI ^yJ-^- 4j1 u niTt Vl 1 "t j I f. *<jV1j 

<5 ji mi II SjLoJI oUjHj-fiJI ^jti-aji <<_ul^JI o! \ *j-^JI '.r«l aV f ^>j) 'CjIjIj^-ajU <j ■Ajf 

j j tl igjij <6jSJI I (] ^1 miN" ml ^g j ^ t 4c-*-ll ol ftj "i ^ 11 aJ uoJj I a J W j .L-Aj_j_C. o 

LlJS ^1 ilj^JI j j^" „m ^1 i^j^JI jU^I 5U <^jAt jl J^a. ^1 L^lj^^ 

^ L5"* U>^ 6^ L)^-^ 45^" tj -* «o j-aJI ^Ij U i A VIj (J^Ij Jl ft'i^ L (jj'id ^ II 
6jSJl ijA jjlr>*M «IjSIjjJI (jl Ij-A (jpJ^- b-JJjJiJ .Jda^a 6LaJlLj <SjaJI jjn mi caL^JII 
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*" m & -£ ** o -* ** 

J-^ <Uajujlj-j 6 j i nl J ft j 'N 4 'N * i.l) J t .^jJ^LiJI (j^a JaJLfl S,i^l^ ^Jl L^-J 1 i (j " \ a 
1 jl O 'N CX>^* o' ^JJJ-^ L*"* (jJuLf^Jl J' (j ^ ' 4 * m' m»VI «LaJuJI O m j I <ljJ 

s» 

J-i U (j-C.1 (j "iJjS j.l m$l ( M t 1 U "l J LftSj jJLLiJjj-uj <JjUUa ^j_uili 2 (-■> t "k iLiJ iJil 



.LIa L$ '^j r 5jLc| JjLa.Liuj <<J j^LuJI Ljuua^t <j^a LaIIaIJj ^Jlll JjLcujJI 

LjjLfl <CjI A J i H -N II <JlL Ljifl IjLfl .^^^.Vl oLa m U A m*i" <j| l(pA J^J o^-«j *^V 

U .na'tl *>L Ll^li frlj-oVl iiL Lijii \j\j .L^j^ilj-o ^ j j^ q" ILj 1 \ m aj ajIj 
jrl^aVI dJl^ 1=^h ^IJI oLcLijSVI ^ fi t>j «^j^JI Jl^iaVI ^i j^illL* 

^j] LjjjiaJLi j t ml ntVl j j 1 a! ^ j II 6J-A (jX- ^LijjVI IJa-o J->JLJJ .Jjj^>j jJ «LSMjlj 

V j .(f-LijiVl) <-^j-° < j i^*l =" JjJl^-Ij J-^IjIj (aJj^^jJU p j m-N j i i^.1 •% Jf^a-J 

<j-a /j j U ^ \ U ^JJh J ^,1 LjJJL^Ia ml Ijl aJLsJJ * n"^> l"ij j rt ji cJuuSj aj,1 Q" JjN aj 

j: <r>i i 

<Tj i^-n m L^J CjLj^Ia^ I (j "m a m" ^^-k: llii^l (^J-JI) CjI a j m 'N II plj i/^il -\ <j| 

^lj-»-j| JJLo <JjVI ^LIjJI ^ ^j ^11 ^lj\Kj fi II ^J-^-o j^jJI LjljjLS j^-lJI 
f' I % ml jt^-uJ ji db^L 1 1) o^fl La^ j a a*S a II iSLLJI CjLjTi mi a Jjj^jj tCi[jajuuj^A\ 
fj[ A \\ tr>l\ jlj-aJI ,^-fl oljjJI jlj-^u (c-* ^jl*i MiVtl I (j a J 15 La^ij O^-ujVI * ■"■^ II 
_ a.1 ^ii-^VI CjI \ t/*A ^ \ j t M II a-j ^j-a^ cl^JjJLa* ^^-^' - j i. "s \ Jju-uj <jjuua j j J ln*i 
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A,dc jJ&j «J^LaJI J^l .CjI ujUUI A-\C\\\ JjjjJI j-A 4-xi «UjLc. <j-a!LaJI jjjj ^ill 
d^. C\\\\ *\^" < U «A^j^a «LiiA-a oIjjlslLo <Laj (jl ,_*ULaj _ /Uaj) a\ 'i iMjM^jnll *Xaj 
f Utill jJaSj j-ati - <-» >- >lal!l rr U m O^Jj <JJj-« jf£- 1 (j V^> I <Lo iteL^MjJ <L3uJa^ II 

jJljjl j' * Q **1 n m" «Ljua^oLc A \) a C, 1 Q 1 ^ n ij-^^ (j' u^ \ jt\ Ujij^ji <JjLa_4 ^jl 

(*l i M S ii o II <_UJ uni J~— ° *\$"?\3 s3-* VI ft" "*! *' J <7iV1 J..*, -i I £)l d-4-J . j i -n. j-aJI 

CjiaJI SjiijJI .Ijjftw" J& ^UkHI jxusj Lq^£. ^j-iiljj ^jill <<Gp-US ^o j a*s II 

JijiLUI <JLjjjJ| jl!iVl tjlj <JIjj*.VI ^J^-> (j-* *La^A i^> jAjjJjj-iIi iljLco jjl ^jJt 

■J 
iali <ulJj *-oj .CjIh^^LoJI g. »o^ ji i ii 4" J <J-fll^ f j lAj^aJI ^ <JfjJI JL^^I c^- 

<jU ^jL&IjLs jjl iti*i \j <Jj_Lo jj] jjjjj .uuaLi I iA^j S jS i II &J-A Jjj iA.Aj-* (juLji 

.LoLaj <a> ^ -^ 



P.Dirac JI^jj J^j <r,»ul ^lil ^ t . ..ijJI ^j cS II d^l^JI U^Lo g^ij ^j-^JI d^l^JI ■ 
.(9 J*oiJI) 1^ ^ fJ* *^l*J» <j."m\1L ^j-SJI dLlKxJI ^j lil .1927 f Lc (1984-1902) 
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8 J^aill 

J' " 




J4^ 



^ yc.j^ <^ll <ULij_a (j-fl (jLlujVI * i^aj ^i ^JLsJt 6bt ^AJI jjaJI f<Ji-o c*jl^ 
VI <j£LL)M ^ <JL^ fJifcl ^i <LUl^k-il ^ Ojji ixSlJI 6jiL ^>j .jJUJI 



^ Mxj Prometheus unbound ^ Shelley u L .t, j-cUiJI Ujjjl tr U1 LLaJLJI SjL^JI (1) 

.universe 
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<jj[ Llixij ^iJI ^ i\\ y II Ljjtij-ft ^J <U^ ^Ai-^J (jLlojVI t^a^lij Cul^ ^^lll 
.c-ft5jjj V ^Ul Oilj)lcJI JVj)fl IlA -ta-^J <^Ji LLusjj Laj ^jjLs oJ& 



UjUkj] *l!j\ uoi J uaUI liA ^ La] f J^I^JI ^pu jhVi Li£ tiiLLaJI Jjj-aiJI ^ 

^l >buui La 11! <j* i^.ll ^ <jjtLHoV pLJu! ^1 ^kii UjLoj li£ -£jLaJI ^1 

(Jj^i tf\ A irJI ^ J^>*-fi-* fLSj ^J[ (jVI jJaJJ <^AJ ->^JI (^ «UJ&LaI^V pL-Juj 

.A^aJjl ^j-e «balau ITiNaj Lo£. JpI fnuj tjjjLi^aJI I nj< «JSu ^j| 

jjiil ^ ^ylll aLVI <iLt ^ <<LloJI ^^jlS .L$J (jL»jJI ±^j t>° fV^?^' g-^ f^ 

&l nil" LcjJ (jjJJbLiiuj J^-" CT^ pl n mil ^J JjJ » I U' j \jj\£ <(jVl Ll-aLj] ^ «LoJla 
<LjjjJI aJJfc C*"* * tf**\ -f LeJ ^La>jLa. a-llJU ^jl n m PJ^i-a l_Aj-JX. » ln m J JjtS t- JjJLj 

355-408) <E. of Cnidus Jujj) m 0-0 Ju-£u$jJj cs^*J La»^^ '^-^ ^^^ u>^ 

. ^i.lj jSij-o I4J Sj^ t^j^Iit-j *-±+u <\\*s\\ jji j-A f^j^JI liA ^ «tlh^iJI jLaJI (^ j 

jt^a. ^J^?^ C*I^JI >AJ-^I U " M '^J ^ L)^ '4 ^° Jj"^ JJ^ J^ * U ^* J'jL°J 
•jj] ^Jl LAJJ£, jIjj <<UAa1a C*Ij^JI ^>J^I ^^^aJUbjU mijI j!lo <<j] a| <CjU m^ll 

iaUj l^j ilf.,j cpljj-uu Cul^ CjIj^JI JLAjli fiiLLli Cut^ «I-AJAjI pIm" mL> (CjIj^JI ^J^*> 

jJtjl t^jn n' -s II j 1 <~\ \ % II ^jh-o 4-fc j) nrifl ^oljSJI /j-J-C- SJi^j^^-a CuLS ^— jJl <<Li^l n m J) 



:£-3j-aJI Jl ^^^^Jl u^af ^iJI J^.^1 11* at Jjj-JI <i^uJ (2) 
http//www-groups.dcs des-st.and.ac.uk/history/Mathemticians/Eudoxus.html. 
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<$\ dU3 t> j^> ..n jl .(j±J2\ ^ JA° <J ijuJ ^Ul <quintessence ^^*JI 

6J-A 5jL$-j ^ j_A^aJI ^1 Jji'i .n LiM j| «ji^JI V^W* f '>*■" I **jlf <-' 's j (jil 

dlllil ._OLu-oJI <jJ> ^15 <j£J <Lo J-a. ^ ^IJ^ *Lijl n mi II CjIjiJI C*jl£ .? mfll'lftll 

£ Jft> J u^ O 1 ^ J- K eP ler (1630-1571) y^ ^U^i ^j .UjUJ ^li 

t? 

<JI ^ LijU *jV» «GL^. 1^ Jill . Sir W. Herschel (1822-1738) JA^> 

<Lli-u3 fljj J j) " *^l <Lj^J (j-fl^jl-A .-i <Jj^ mi* II 4j^ nij-aJI iij-flJI ,_£ l>£i^ 

^ _ George III dJlHI jrj>^ jj* <jipU ^ c£>*^ jj ,r ^ '" *^j* ^<U^ 

?T v» £Lu aLcuI Jaj Cjj>-& d |^"a1I <Lfll -tji aJl &JJ&^ . d * t a ■ -^ 4,lau t_S j' 4JLuj Hc 
tfj^Ji\ £-l*^ jIjls <jll^ ^ <-^$i>JI ^ ofjjLS ljjL^=i ^j JJ^UH <jV V <Jijl 
^o Ci>) <^> r^>jJI (^-A JLtLua-oJI ^jV fj^J tf\ e\ m il ^J VJ -8 ' O 'S J ' ^ »1 f j HI Jl3j U' J 
^•^jj^k. <jjI t aJL-tJj p Ll-uj 2 /j-AX» Lo SjjjjJI (2>-o '*' ' n ■' J^ ^JJi t J-»-A j3kLuj J-uS 

d^^ ^xo yaJI ^i jtjj^ ^ jU .dlill fJju G. Hale (1938-1868) J^ 
LuK" a-^uVI Ij^j j i^^^Jt ^.n m jSj f^Kj mi Sj_oLJ j-^l^JI Yerkes ^^^^ 
<£.! i fap ^o Sji^>j • aj ^ <jL» Lfljjji-o ^jls jjJI * C. Yerkes ^^u^jjj jJjLiu ^u)! 

^jS) fil m'ti Jj-o d^-fl '^ijlH^I 4jl a r t— M i m ^ Jj^h mil _fl <j r-j Jjjl JJU <» n"^ ftll 

.(l^u i^ujjJI j-LJ5 ^K) oijJI dLlj ^ refractive telescope ^-^ul^ v' j- 5 - 

.(jnl's/J (j*iJJ ^j^ uJJ^^^SJI ^j^-LoLij CujLa d-«-^>-ft (^jJI (Jj-A JJlLjI <1904 aLc /<-flj 
Jj_t-<ajJI Lf ic IjjLS g-j i/^j <jLi (LIjjJI j^JI oLiul 4^ «^i 4liLuaL 4j1 djjl oSj 



300000 <5jLluS <l£.j-Mi ^jL LJt <<1*JI ^ pj^jJI Idtli^j ^^Lll <il m.JI ^jh <jjj_*^J) <1^J1 (3) 
9.54X10 <Ltjj-h"tj) ^La^p^ jj^-t^* j^ 1 ^ ^jLuij <-ajj lAtll ?\ m IU lil f<jJiliJI ^ j" ^j \X 
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1.5) Liul 60 &JkS reflecting telescope ^tn vb*<v j jj^ o' lt^ 6 Aj 

Sacl mo.i «(jtul 100 4} mjf jJai ^IjJU ^^ic J j <*fr ^ Jl f' I W\ ml AJ 'dlLlA (>L& 

aLc iJ^LJI IdA ^jj jSj J. Hooker jSy* (ji>^ *^°-^l <>^l JL^l J^j l^-o^S 

C^K Jl> (JUJI ^i 3^VI ^ ,1918 



E. P. Hubble (1953-1889) J^U JjjL ^j4 Jjjb £ri 1919 aU ^j 

_ <L_aa_1)| <l nli.^H CjLaJaJJI u^ m * <jX CjLfll m /Jl ,.U J *\ j \ <le\C, J-aLa |j_» .<LJ[ 

^US <jl .pj^UII Cijla. LJLL ^Ij - nebulae «Ioj^uJI ^ j^I a n no ^1 

j^J Ldjltj .ii^JUI < ft (j ft IL ^j"jl S..\J t J II a1 m^VI ^jC I 'i 1 i^i$" ^^lll Ctlil m n II 

d-*^ ^i JxL*n j^K ^Ul ,(1921-1868) H. Leavitt cuSU cu^>ii l^^l 
^ jla-o 4_Si ^ brightness f-^U m ^^ iiiLc o h,,a»V jJLa .jj-SjLa <j-K 
£j^' lt* t*-* lt^'j <Cepheid variable <jjLi*| ^ mi ^pJI - Sjj.tiJI (v>=^i]l 
.U^Lu period j^j ^>hj - s P' ral galaxies (<^jj I ^ II) <^-!>lJI cjI^-JI 
ojIjjI LoJii *Llc a ^ "i II iiLoi-a Lf lt <jj j^ I * ^ 4 |M J^J c£^-" £jk tuli uii^ljj 
j-jJLiaJI a^jJI j(jj j i/^j ^jli <Ii ^j .a -% \ II dimmness c*^J-j jIjjI <<il m-JI 

r-lVM ml I J **^ a * <^jJbUaJI <Lfcj)U ml I i luLaAjj » (3 4x.jU t n ^-lt aSa ILj r r <\ mij 

<Qj^-aJ J *-fl^*J tjl^ tl^^ LT^ : ^ MiA^ft cM"* 7y*\-^* £±^ -1^ <LLuai3 ^^lll <Jl m n II 
J-Aj fAj ii t II 6Jj& t-Jj-Sl 4jLfi *4_ij^_L-i ^-li.u C-&JI 25 *LAj ^g^l nU Ij-ia-^ *<jLl1JI ojj 

^ IjJ .iuj-^ <i-ui ^jfl* Li^ ^*jj u^ 'Andromeda jlmlm^ll Sl^JI aj^-uj 
i* 
•(5j^l ^S^^ ajJ^JI l^lfi oJ[ fLjj^^-o £j^ ui^f 6' c^jjj^ - ^' c>* 

^J ( -^j^JI l*mlh\ ^ (^j^>o j^ liati jjo 5' Jf^ ^*J f-^ '^'>* LlJVjl 



«^^kal plj^h n II t_fl jl Pon ^j-° 6Jl^.Ij (jJjH"" '*** "** 
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<Mj-o <^l^ J^_fl .^jjSLIl <j-oUjJ c5 -1^ UlljUj 6jjJj Ij-Aj <Ia£. JlSlLj j\ \1a ^^.Vl 
ol j -s o II b±A J a! <<oj1j mr 4-AjjJatj <L»j y r\\\ jJ^aJI <-ii JjJJ&jj jLaj I fl j \ im 
1912 aLc. UjI m «LflLiiJ^I <£>a* *ili <£>=>> J^^-J ^1 S pl n i ii II ^ iaisL-o cJl^ 
£j£, 4 r\'\\\\\ <CjIj-% n H tjlj-fi (^fl oL^lj^j^fl ^LS Jk-Lfi .LJj^jjLj j) "i mj< JaI ^jO 

JjLS S^>-a-o 41 <2>^ 6-° - ^S-?** ^6 C^ ' i i m 1^1 1924 aLc J j I ^ j j <l o ""sj^a. 
«Doppler effect jJjjj J j*-** j<j! "« J-^-3 »ul jij .Lu. jiirj c*jI^ - L^-ujjjj 

«L^aJLfl ffr^ r A aji * i\ n II 5£j^- J>C a -%! j II <<Li^jjJI JljJaVI ^ji j j t "t II j-Aj 
^jJI Jj-aJ (jAi-»VI u^' <lfil^ «LaHIIJ ^^ill i^j-oJI J^L <j-a Ji5j Lj^^j A fl_a " n II 

^jL^ill ik-La. <!(] hJK hi'i ^l ia-j-oJI J^ ^>^ L^ SjjOaaJI <$>aJI UI '<L5jjJI 

t_jjJLJU La J 'l* j ^CiJ-^aJL JpJuLi 1 rt Lfl (_S^JLo j-*jl Ij-Aj »6j rt*s 'l ,-Jj J^f U**£j* ' 
.Llc 5Jjlj-l^o C * jI S j^J Lo_o /jJ-^-I n-Lo^a-t I fl a « ^ ua <j* <Ljj)"» i «iSj^li o 6jl i m 
SjjJ f fl "?) Ijj Ctj-5-J (jl (c-Lc- J-tl—Loj j J n*t n H «L^^. <jV j-jVI Ij-A L-Aj-jj 

./1-8 J*s itiJU jAm i^t I ij i A » j j * i" jj! j! ^Ahj j^ I p <A* » oL^j-aJI (peak 

/ \ / \ / \ <^^i j^u 

\ j \ j \ W_ <^j-* Jj^ Je-^ j- 4 >^j j Jj^-* *1 ~S JiAJl 

■?*<- \ / \ / \ / ,;hj'iaII (bj^-. p i^j-^ oi^l p^) ^u.iyi 

\/ \/ V/ . ■■* (t. •"* i ii (l » .h i* 

\J \J \J j±£- OjI-j J-*«ftlj ALflJjj (^J-l'j <g^i« ^n<t i j* 

f\ / \ / \ / A \ dj^a-Ti^o ^ii A Jj-aJl t^jJjJI J^ mil j_i -*|j -^ "' A 

mm i " j, j ^ 

. ^jj J( j j a n Jj-I° 'j Lc.lt itn jJ^uajj </ j fl*t <n o\ 

f^" (O^IJI 6U^L j,.Wr.«ll cT^Li «J»-jVl JSJJI 

^ fl I" j J-«a1jJi jjli IjJ *CjLa.j-<J! 2\ ..A ... L 4 /Atj 

(Ij^ljJS) IjJj^ (jJ-tl jl ^jJ. j—aJil ^>-o 

oLa^U. ^a^l jl .JjjVl J*J> C^') freC 1 UenC Y 

J J n't" *-i O-^J *^ i^nljJI J^X. I J 1 Tt .t fi d j "*•"!' * 
«L^j-u J-ualjJI ^ j I "i J J (<£j-»J1 < >j"*' oL^j-aJI 



* - • *, \ 
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(Ulittj ^i ^j <( ^j^JI J^iaJI ^ j-L^VI jIjjI < >i «^ Jl icj^uj cjjIjjI UlKj 

t^£. JJaj jj uo-Jl <jLi <red Shift ^a*S\ ^L^VI ^n mj La IjJj-o fi^j^JI J^la 

4 ?J Vill ^Jl J^jj 1929-1923 jlIjcVI ^ .di j <> ^1 ^Jl J_>U ^3 

^JAJJ . I j t -v I^S icj-uu Ojljjl <Li£. JjlJ S j -^ n II OjI£ I n K «Glj tilc <^j -% "i o II 

jj_lj <Ltjj-^ <i i ih (j-lj^Lo 1 Llc s i i "i S j •% o ^jl & j *% t J-^*-^ c*jL» s.\ -* jj 

<G m Jjjalo 20 Llc Jin Sj^o ^jlj <<jljI.jJI ^jl jj-ojJjS 200 ^-%'ii Llc <Jt^.ljj_a 
. Ij^Jfcj <<j^15JI ^ ^>1o^Jj^ 400 pLaJ>J ^ <JcJjX° jOj3 <jjj-^ 

4^ ulll 6JLA Cm t t jii <<LojS 4'*V Jjl ^fl jj^jl't j£3 (^"^ (J^-* U' t*J 

: A-kLL^ .\IU\ a *r U m 1^ 4" u a Sj„.ii rrta <^jJ-i A.Ki L^^ ol j ^ a II ^i jjS 4" II 

V -I • "* % * <l^j^l <fjf\*i ^C I (] i lo t j 4jJlHII aJslLH CjJaIljI jLLIaJI ^-A3jI I n K j 

^1\ t>oj-IL» Ljx. IjI LIjV <<£jj^ LJLc jJIijjJI I1I4J tjl .(2-8 J£-uJI) joa!^ 

<(jAjlj ^—IJ I fl 1^1 i <UjJtX]l jW U fl II I j fl a 1 A 't"» <JajaJ Jjjj ^j-o Jj iLfl <pIj^JI 

^ e-^j-ji (2>-? L^a «LjV m<«U fJS OLSj jA_lj» S-CjIj^eJI CjI n K II cjJjjI jJL) 
«— tujjJI ^—11 4 =J a * Uj^ < < j4jj^j Aji ^oLajJI _i <t.i^l ^ ij fLaLoj jS^_o LiJ^jJj n i njSJl 

djji^ 1 *^J- '""' («-* ** ' ' ° *' (J^l-* url^ ^J '^- a -> CjLjjju^s 1^-i^Ijlj «fjiftr J-jL* CajLj .HjJ-%* (4) 

J (<j-Sj-^ <^-^ (jjj l ft c^jL*^ 1y) 22 kms 1 M1y j_=^i ^jL-«^ la-*j «71 = 7kms 1 Mpc 1 

.2.3X1 O 15 S 1 
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( 

fit 



^B^Brt 



<"<- : ^ (jJl j-^ ^j^ .2-8 JiiiJl 
■olj? »11 6jH1 ^L,,i iulJI <j___lll £_LUI 

Sj-^JLj J 'i n n H _ _JjJ__.ll £____j-j J^-^-J 
<Lj__ y'«""« CjIj.tw a 11 «_Jj____vj _ <JL^uij*i a U 
<rJj-al)l I J j I LSijJ .Jl-_jJJu V fL$_tlj tlfl.Vvl 

<_jj_S_i J a U a _$1 j^-J-c Liilj 1_l___»1j _;Li 

:«Lk 5 J » 1 .t a _£j__wVI <jJjLJJI « La jftJl (jjjk-u* 
Uj-^ U^ Citj-a^aJI £__^Ij-j j*, j l*t mi j V J 



^ jj*s a" H I "tVsnj fiU.j-cJI h±a ^jli <dlii j-oj .J^-V ^J LT* 4>J"N -*^-fc <_$-* 

!dJ ib^aJ <2i ^l^ <jI^J <aJ-u^_-j ui^" o\ ^LSJI j Ajk»ll Sj__L_JI g-J-J-i (J^^-l 

g^jft^l 4^' C^ ^^ «SjliVl ^ <j-£. p-^^ f<_u_LaJI ^ji <I1a -f^^ J^ Ifrj-fi 

. uJ^JI jl "ml J±* <J i^SH ljJ. ^ji Ifl <A*t (jLSLlj-uj ^^jJI <<_fL__iVI J^l^ 

(^Vl a uaJ * jJI Sj^JiJI l'* tlf- l-J^-» (£jJI l-L-ojJI IJ14J <L_lL____-o ^J&Ua-o <jL 
*-_*J^_u CjI J 'V a II (£j^ (UjlJjLLo Ufl ^j LajjLi (^^.2 C^flj /j-fl J-^-VI <jA* ill (^y-Hj 
Ol j 'v a II jAaj (j| Ji <LoLq__ I -v t -t <^t (^^u-iJ Ij-A (j^ ( (J^^ £. '"jH J3L__. Li__. 

^ K' ** 

.Lo .____ ^Jl Uj,.^j lj_Aj <L_J_l_i_jLj dj_2_-Ji_J - M!Lo <<M ml itiftll Slj-aJI - Ljuo JjujiJl 

^j (l j y a II peculiar motion <jj^£- <$>*> «4j» .Aj-JI» <£j--JI *1a Lr o^u3j 
^jl fjS * * <Sj^fcJI 6J-A (jL£ <jr>i j ^j-o I o 1 A n t u_j-jj_LJI c*1 j ^ a 1U J^JL*JL> L^jJj 



<L^sUJ1 <il m.oIU _ Jji 10 idlj jl^ Ujjj - ij-iUJl aIa Sp1^5 ^ <J5ji" .,■" ^Ul oi^Jl JMi. (5) 

<*<■! ng.MJ.ftJl Slj_aJlj *<jLilJI i_ »j«j) <jl^ f> II l \*i c j rft -^ a L^-Lo-^a Cj-^3 *&\ja a 'l £j-a I j J ^ IjkLCi 4j| (^/ 
a^ >n *■ ^'1 * tJtjJLj s-L-iAiJI Lf i <j2LiJ j-y't 1 * i **■•*- ^tj-*-"" r^fj^k.1 Sj_uL.ua Cjij^=--a A-a J--15 JJrj 

<<-yj-*__ <__*_. jjj 1 * 150 ^__-j jA__i frL___lll ^i <_LkLa j_*j (Great Attractor *^u.-ii tjjLaJI jjb 

<Jj-__i_ l__iV <dLlA f-J^ Jj_-_sjJJ ^fj>-9 Llij J^i" Mi't mi .<-u.u.a-t.M 4-C-- (jjjiJUjj *_fij| 50 JjljU I j J -J--J 



.<_k_»l_Ul ^ jILojii-C 600 jjl-^" *_* <tj___j U^a_- 
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m* * * * * 

.JaLbucJI JjUu A^-JJ '^£J-^2I LoLAlj-3kl ^lIj^ILo 

K» # 

SjjLk-J! «LjJLiJI i Uflll 1 q,ji <\ ^jj U-jU <l fljlr, ^_LLJ ^^lll iaJalJl cxjI^ I «$ fti 
cosmological ^^jij * . n^^JI b ; ^ II ^-Aj^- ^^-a ik^^LJI &j_a .LLc *_j=J^Lj 
.-JUJI Ij^J ±juo\j s^j Ln-i J<mll a nin j.uj pLaJI <y -^Je ^^' «principle 

** o " e. * - „ - 

I m <^i ft (J-jL-A ^£-* f^ . Llfi^-4-oj-o /y-fl J a. J *> (jl (J^3 ^£j-aJ 4j*tfl" <Lla£j <La_i 
t-LjjjVI j * uu&J 1 ** 1S a * -J T' a ^-^'-P 4-^J- 4 -" (j" *ft * (jl^ ^-JI & jjS g" ( -& LoLoj 

- S- S» "' f- 

{J k \ 1 L 4 * tlj-2h 6JLUI-J aLuj^.1 <j-<e ^jl^Jl P- J < o lL-fl .Uua «Laj^UI a\ iii-%^U JaJLfl 
CjLa.J-o (jj^j LaS iCA5jJI dllj ala j— lujj JjB <JL^-M £xjfii!J 'u^J** O^J J^ ^^J 

change i n scale ^Jjs* ^ jliiil o^Li5 «Gl jj* <Ij^ SjoaJIj <jj^JI aL-^VI 
.<ji > „4 n i"^l ^jJI o5jJlj p j i Ai II <ji jJ-*-«a (^*iJI CiSjJI (Jjj J <^-n ^ill oj^JI 

Pj-ucJI jjt (j*»»,» li*-* «L* J- ^- J*^ ^-o^-VI ^aJi j^j-JI J > jJaJI ^Ijpl IjU IdJ 

^ \' s' * * t, s t, 

<La*jj Lojlt <j5 LuLiLujI <1a1^J L$-J^ >lj-i^ j4 <^a1 oJ^JI (j^ LoOlc <Gia.j Ijj 
<jj£. jjfc Ll^ ^JLual <( niljdS £j\£ Lojl£. ^jl^ Lo^ lx5^' (SS* <*Lil "'^H ^l LIaI n'il 

•6*1 
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Jb,\^1 (j^-oJ «^^jLluVI IjJt j^-lcj .I4J p*Aj1I J^ £-3>* <_$■* U^' IV'^I <t3^f *-*Ai 

H. Jl^i LJ ^U^^JI c^liJI £$ <> big bang ^JuJl ^UOiVI ^H (JLJI 

j;^i.j jSj .1950 fU 14 i^l &A* 3^ c^ ^j H °y |e (2001-1915) 

steady-state S^LujaII <JLJI <f^b: J-^i <^V * «u UVu.ia ^lU.^nll Jjyfc 
^LojJI 2-« ^^ V SjLJJ 3U,m^JI iili^JI jl UjLL* ^pJI <^±! theory 

1 4 j -s uj ^.ujJ SjLJI jla. ^jLi IjJ .oljAJI jJjj *-I!uj1aJI pLaUI stress aL^-aJ 
.<SLUI Jilidi (j^li (jc Lla^ j^jla olftjni^ll jJjj ^ ?a priori iataj 

i* # 

■y- 1 "^" <K mn ^ ml «\ "j ^ I j a" ,.. Jl <JUJ| «J^laj ^1 LA^JLo JjJJ* <jl£ 

ji^i fJjA. jJi 45 UI <Jlj_tJI r-^L ^l ixLaJI Luaj! ^ nil ^i "i j <j\£ .«-IojUI IjIj 

«G V (Jali ^^-AUs U j mi j" j-^-fl <<LJLJLaJI ic^J f<Jjiki ^{ a-aOIoJ LaLij m" (j-u-J 

** ** s' * 

<j-o * T ^ <*ft1 (Ij^a-^j-a LojIj ^l^ aJLaJI ^jl ^^i l.m mil ^_fl ^1 ^^J ^jiLilJI {J\ n i 

^j-o pI o UJJ <i:l m."> ml ^>i^1 < i^t m II J^lu^Luj ^Li (Loj-o-cj .«UjIjj <LJI jLa-»l 
H. Bondi <s<x*j* ^jLo^j-a a^SIjI ^jJI f^j^^ Sj3" m a II <JL»JI rJj-«" oj 

0*0 ^ 

1948 ^j-oLt ^jjaIc tjfj^j ^ 6j-*iljj <5j-a. (j-Lt J£ <T. Gold jJ^ ^^uLojjj 



JJ jJiii I flj'tc LliV ...<l*o^l 3^- J jJj-* 6i ^ big bang pjhill jUjjVI S^is jl» Jj^a JL5 (7) 

.J-waa. jl^ijVI lift Jl« jjl Jl SjLiil ^Jil ^JJ ^fl (<jIjjJI ujjJ <lH^a-a 
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JLJI ^a L^j .pLJjJI <> ^.akuJl LuJcVI Jl| <> 6^' ^j^» ^ H <1949j 

K' S'* 

i_jj AM m 't VI u.* 7* J ^ *dLU £-^3 >7T Jj) n'* » IJlA Jh&-A1 JljLa *4 mfl*t J^jM* £Jj-oj a—o 
.5 j 'S" m n II 5JL^JI <J>laj «Ullalj ^jJI (jO^jjJU^JI ^j'j^ O* 

cosmic back ground radiation ^J^JI < j $ I ^ II fA * <t«l j>^j L$JLaI 
<jl ^-i jjjj-^^J^-fl n«^£JI <^a *lL5 (jVI 4*1 iii >j .Ijj^jS <l^.j iti\ ih (_^JJl (<jIj i<">! ^ j 

^i (iSoiaJI ^j .Ij^. IjLa. j! Ijj^. 1 fijVs L^jlA ^jt^ «LL^j-oj ^o j*Stnll (j^JI 
^i jJL j_A LJ LajJjjla jjjr. ljLal£.lj rJj-e^Jlj «LjtVtlJ ^ln"> m «I jLaJil J^La. 

ii-illll ^ j. it 'O J^ Pjja. ^| Vj-toj «pIj^I ,-JI <>G-"-? SJjaJL (2xjiJI 4-uaI 

f^jjUI *J!u>iJ ^.i-A^^Lll «iLil^l jjb JjI4J *£laJI ^jI^hJI oL? '^* -<SjVj oaj 

^111 j-A (5^-iJI <5I^h jl .Lj^Li cj^jJI P0-» (^1 Vj-^aj P-lj^jJI ^1 LIjLjjLIj 



Lr ii .j-Iu>i jS (jjiJI 51 JJ^Ij j A ft ^ <SJHt u' lt^ J jl ^ p ^^" ^^ '^ oi 
H.W. J-SJj fl^j J^tJ^ y^LJVI .-m j U II j ^KUI gJU-i„,l ,1826 f U 
djj^ (J <^J cgj^ii ^ uj^I u' J^ Sj^u tfJtf J Olbers (1840-1758) 
Olbers' ^^Jjt ^j^ 3 ^ f^^^ u*^' ^S*f VIJ-uj r-^ a5j .^Ij ^Ul lia <j-oa1 
.1610 fU iU. d ^^>I5I _ ^L£ ^U Ala li,x>^ (jK J>uJI ul ^ - paradox 

jJbJ :«-t-olj ujIj^JI (jl (ji&j jj «^j-ujJlo j^ ^jj lir, H I n'» (jIjJJI «Liij Cul «Jj-UI 
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Ij^. ^LijJa a t 'S" m n II (j^J <'*l)jf Jj-6 I f\j *a*t i m a Uajk <jLS-a ^J ,—fl Ci o ruj Ijl 

<jj^-» (jl u*a * A J I J I II pI o < uli ^jLfl IjJ . a -^ \ s {j fl*MJ mi <ULfl <pL/\ mil ,-JI J n*ij I 

"jJI i^yuj) n mi H Jyi 6PjLa (jJft ' ila a pl Q mil (jj <(j«in i uli whiu p jflci hiS l^-Cj)U m 

l^J) n mi 11 ^j-a i—flV^fl cJ-!La ^jLfl <t_jjJLj Jjfi I *i mfl mi fj\ £-fJ .CjIjI n mJ I ^ U * " 

j* s* g 

<j_a SpjLa pLcl-luJI (jtj^J (jl <J"° *J-»-fl <I*A-I .Lli-i^LJ ^S Ij-^. 6 J I3t t II aj -^ 't II f^C 
iljL^. SjuJL» *J^**" (JUH '-' V '''''' U <OljAJ ^JJiJi 6PjLoJI 6jufe (jLfl <,, i n o mil P j) i A II 

.«LiJjUI I nl o m 6pLi^| _i AjjaJJI 6J-A a^ m" q1& 

*-5jlJ (^JJl < pj> < A II Sj^ii Jyj ,^^3 jj£j ^jAflAIij iIjoIju j-iS «UjUJI «Uailll 

(j^ 't j 4-fll m n II ,—fl jh'i't Lokllc .lj([*t*t o ^jjill (jLS jJ ^^ I Vtjfrl ^J| <Jj-£-oj 

<jl£xJI dlJj jji (jlS IjLo V rfPj^iJI 6jjLt Lo.Aa£. (jliflJI ^i 6daj ^IS IjLo ^^j 
<«_»jUlll ^yA *y*- /j-* ^^ S inll 6J-A SpIjjS (Jjl^.j .Ujjj£. ^-11 pj i^i II J is\ t Lo^UC 

1 J *ipli 10" 9 ) 4ai5JI t> o^V" ^ ^b J^ 5 ^^ L^ UfJl >t^ ^V 

l^jjijj iiduaL^JI ^IaJVI ^JJbLi-o aI^I nj .^k^ III 6iA ^ ^-A Lft^ V <(iijlj^jlj 
J^5 Jj t_flOA L^ji J4-^" (jjJI <I*aJJI ^ ^ LaS V iiijljjj^-o J^5 CajI^ Lo^ 
l*i I i^it (^JJI pj i A II OjJ-Mal 6,U1 Jl a! m^h VI ^jLfl J iSlij .dlJj (j-° «LulijjS-o j-^-i 

pl ft ih H o \\ S xi t*>aj ^jll f JjjSJI Sjlj^a. ciMS I <\\\^ j^j \\ i ii H (j-^^Lt Jj5 ^jVI 

itl^JI CjUI Min II jLl£.VI j^i Uh»i=k.l ^>tuJI .Alt-J .(jii n mJI pj^-^J 6 J mi; V^jj I4K 

pLa-^JI ^^p ^1 i^u^jJjl J!i_a <gJa j"^ < . t 4 <^ 3j^ mi l u .A l ft ll (jJI <>a>ILj SjjjJIj 

<«LiJj 1 A II oLahj-Ajl (jl f- 1 <UJ^' fr^»^* << -^n>'' *-^ ^° ^1 "^ . P j 1 Ai IL Sjj-eJua 

jj <(oaK La.jj 10 4 ) La.jj ^Vt 10 ijl^i <^j^ a mi-n I <lJL!u ojI^ ^l 
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Cj\j1j*jjLJLx 4 in^ a <j^j-aj| Jl^IaVI (j^J <j! (>a *^J .MjLa ljd-aj £jJJ-a3 
^IjjoVI t^JJjj .<oj^-c J^J CjI jl <m 1 fl ILj (J^ULj 4_La,j_o Vl^aU Cf> * n"J S&£ <4aa%*oj 
<3j-^ oLa.jJ 3 *Ubj Ojlj-a. 4a,jJ f '" ? <jj <\t «4>J a mi% 1 Sjj n o <jVI ,-Jb 

<j-a £jo>3 Sduiij V?>Qj JjJLII ^ pLq mJU AaS -{fj*l& ^*^j J 3) ^iL-Jl ^i^sJl 

I3-Aj <lj-a> J J . o j ft j lj-a* a j, ^ fl a a/t fij irij V jLIj 1 | **S 1 <a *% *> ph m jJjLj 6J,i.t.i 

d ^ 1U> a pLo— uul j * ** * I >U->. * 

Ajhi II jLa LlVI r'jj-aj «Jli^j Ladlc jj LuilJI Ijuk ,-Lc p1 a UJI jic JjJj 

jjLi 1 iAjI j j n 11 (Jt^ys* ^frJi^.AJj| lju& _J1 i j' n ml^ .LjjJaj VI 0*1^1 4fl l0 ^ U^' mil 
^dJI f'LsL-i^U iia.j-aJI JI^LVI (jV 6JJ-0J £-a ^Jjj <jl 't'? J Uj^l Sjlj^ £a-j*l 
CjUjVI ^j-o Ci5j ^ Ijj ini <jl£ La <jLi fdliil 4-^ jVtj .OJJ-<aj <K frl uoUI ^Laj 

i^jj ^1 j j r* jJaj .c* iA La M o^iJI ^ <j»LLJI iiLl£ <jl f^» <^>k g ^ "^ 

t<( ft^% <jj-*^ «-Af 1 1 A -a I aj JA.fi IjJ f^jj^JI <jjuLaJ £-6 I J nnfi <— i ml IHj SjIj^aJI 
SjLLa. J j (j -n Cj I J * J-£j »4 i il m II 1 (j " ^ j i (J <ri'< ^1 Ojlj^a. i^-jJ jA La Lj 

alj^l^jJI jjuj L» «LJLL ^ uj-" 1 *! l>^ r f jk* II jL^-ijVI fL*-^l <fij i-fll m"<iV 
ojjjjj (1933 aLc jJ^) A. Penzias ^J^y^ jjjl LLi < jj a -s II 6j_a La.^ 
&5Ij«J ,\>U,rt InoVoo a c^l^ JjJJI «(1936 ^U Jj) R. Wilson ^ fuLj 

LjlSl ,Jj <6Jja.jJI I <>() irtp n 6>1a t jij aJ .A,LoLaJI ijj ^0 a ^ «r>ll <a.j-aJl (jfjj&AM 

ia.UJl ^ I lAAli r-j^-aj IIjI^a 0'^^ radio-astronomers ^IjjjjIj ^ j< I s 

J^UJL EchO u nmn1l ^la^VI J^LUI 1j ^LLi ^ LuoI^LluVI JU <uJI 

(^ -ck^U 1 ^ ii]1 lt* ^Luil J^L^a ^i 4JUt" <( ,l ^i ^Lat «Telstar ^jjj^l 

' »«l "* J-*^ cj^ L^^ ( d "'d '"^ ) ' Qj^" * La uaJl jJUo-o ^jC (j\ i^> u LjLS I nfl *W 
ijj <Jljl (j ft tAi*n Cwl^ ^^jJI <<UjuajVl jjL-a-aJI «j^-s ^L*J| JJUJ -Jl \V\ mVl ^ 
£lA-*i)fl J Uljj-a j^jJI <La^Illl (^Jl ^Llsjj (^L^jL ^J LoJb^ft Sjljlj <*llaJI 
j .tri'toll jJLLJI LfcLsi^^ *<Jjl^JI S^ill LUj ^ 1^ dU .^Oau^kj ^i^ 
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JMi. lilljj <£a.j-dl (£jj£JI jbilaJI f- 1 * mV 4 "\^" "*ftH «LluIjjJI .ItMi jU 

<1jj ^ill ^LjLoiyi <U-2^Lo <jl£ Lo£ <<Gl «-il .n"t<VI liA .ri^ftl ^pJI ol^LuJI 

■t i» 
^u"j * "^ '" *^jJ 270 <-»I^S ^n ijiUifill j4 r^ll 3j^ 2.728 <jjl^a. *La.jj p m^ 

"'o* 

j^j-a Jja. ^jMft mi II <£!j-a.j f^jiio mi II Jj^a. Laa^jjaj I 't n I mi Lo Ijlj .(3-8 J*S m II 



aaILslJI ejjLaJI *l aJll * CjIj a~aJI ^ ^jl^ ^-H iTtf.jft^ n I ^JSJI fUjjVLj <I-h>? 

«al .<JI li^ii: i'*3f j ^W^' &W ^ >* ii^f £' J *-^V oM <Great attractor 

^o «LCj)/^ n y l* i*i mi" 6 j-> t\ n Cil n m <Jj <L-Lfi <j_-ojl ^^J «A^'J ^\ Lj-2-° f k"* n 
pJ»J ■'■"* mij V ^jJI tdlljl Jl2 (j-o 4-L^? J-U^"J J^iji C£J"^' CjLa-I^IiVI 



.JilSSlI Jl*, SJ^JI 



5 j mi t^i j 5 j, ^ a <\ II (j^o .3-8 J < iti II 
JjL JSj £JUJI pLAaJI SLw ^Ul ^Ijl^VI 

j2jj_uj .4_L.«aLaJ) a lSJI JoUjJ) ^j^jjj (Aaj-4 
dlJ^Lj ^^La <JL-uaj <jil\ Jj_^VI a m^ II 

Sjl>x <^j-^ f '">1 (7 J^aiJI) M. Planck 
.$& 2.728 UjjS 




(j3ljiJI) JJjIJI 



rt— »jLj Jq1 .i V a nilj) <<UajLUI 6J-A J J r 1 * .n <-tj H 'i 11^ J-i^jJl JjJU» * n ^ II ■ * > * ^ * t 

^ s 1 

(J-i^Jj A rrtLjjJI <i^uojj fQ4l i mm J CjjJL»-* (Jj^. jjjJa (2^) fr ' * ** c>^ .j <^"^ o 

ft-o (jJ^JI (J^^ jJt W M m i , fl j*\ (9 J m^^II f j ^11 <JLlL» aI mi-sI Jj^^j t*\l -^"11 

» « -* 

UJ^JI Sjl^a. ?^jJ i5M-t t^fl^JLjj <JjLa CijliJ LjJljA^j £y> dlljj <*JlujjJJ ^JUJI 

< WW n Sjlj-a. oLa.jj Lf J f- 1 * mVI Sj-ii ^1 StiiJj t-fljjtj \3i **s ^3^ 'j !>"L'^,* 

^_fl Jj_ tlJ VI a Mi^ II f I 1 m[ c jX, &l_JJjj| Lo ^ij) Sjlj^ II <^jj If . a Qj* * 

a-_) Jj-oj fjjj^ll J^-^J A-o JJ-aXj <Li^j_aJI JljJa^l ^\j ((3"8 J S mi II j (7 J-t^JJI 
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^LjjLIL Sjl^aJI <^jJ ia^Lc «-oJjj .^LjJLIIj Sjl^aJI 4-^.jJ ^^ <L3}Lc s^jH 
SjIjj^. <^.jJ Lfj jjt.jj ^i\ <jL - >UI ^1 JJlajjJI I Vi^aj <^*])JLj ^LJLll i5!iLtj 

s* 

L _Lc. SjjLS aISj^.1 * 4 I i/^j a .11 o' a * "^ ILi f^l i niVl (jAi ■> J i^ L> ^U* *_£3j3 

(j Ai t i \ 1 (j i Ai a j «Lk-iaj-aJI <ol aj ni-^ 11 t jiJ <<LJLc Sjlj^^ CiLa^jJ ^ jlj ft" mVl 

+ 

^1 alj-JI <j>=^ ^j-J-c J I m II j £-LLll xcl ■ ii j o j ^ f I j ^ ;l U a j^i Ij^-JI Ij-a 

.itLi-ujj S«Ll£j <La»jlj aI t U II rr 't n" j <a «Afl II 4 j I n r J j uU I (J \ n jJLnol CjIj./^ 
rc-Iuij Ifl A£ g' "V LT^ CiiLcLijJI pUsj} t3f>^ L>^ ^^fj^^-" ]LL* ^lc A j n -% "\ II 
Ly jJI jljjjl (^^-l <rt-xla-aJI ii-Ja^J < J J n» 4-Lilaj (J^^JI SjIjj^. <_a.jjjj .jljjjl 

La j jjufl .j j m4"t Lr J[ r I ^ " ^i-jlj- SjL-c <JLjLlu S^ii ^^-fl LjJjjI J^J 

dlj^L» J^la /j ft "it lj*XC ^jLia4J LA^la5 4<aU*tfl ^-i LJL^. J^-i^^oJI tjj^' J i^i's't 

'ujjLv-h ujjIj 2 °0 o- 6 J^'j lh* ^j 1 ^ J-fli j^^ll Ha _ Planck length 
(jl^ Ldlc olj^.VI (j-a*j j j i u r* <±*->j (^'^ <JLaJI UpLj^ (jLi _ (9 J i^all 

<LijjL^JJ «Lj^ikj ^1 i^-Laj ^)^ j j < j t ^ II Jj-o «L^jjJI 6J-A ( ^J[ I -% nj n ^j^^-^ 
aj jj-oj <L^J S^M^ ^-* ^^ tA ^J^ *^ C>^ 'JJ^^^ ij^>lajJI 6J-A OlJj dSj .ilLSUJ 
<<LaJ| jj-t-il \ t a j A W .%j\2 i *yi AJtiJI ^-11-^-11 (V"'j^J' j irit II IjJb Jtn mi! mi /c-JuLi 
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<Jju jjuj t^li 5.4 x 10 ^^ J^l-»e <s^ Planck time dU^L ^^ l^o 
^ .i^jj 1.4 x 10" 32 Llj5 gJLi ^l di^L L^ Sjl^JJ (jl^ Uii* .(jjill 
Lll Jli V Id-sw f-j^i a^-t Ij_Aj :<j_lu (jl_J-o) oj-^i ^ *I-Ai J-^i Ij-a 

Jj-^UHL jJLJI ^LllaVL ^ ../i Jl <lL-U "j Ussher ^Jil JuUL£ J\;<oj 
4004 ^U ^j^l/JjVI Cxj^ 23 l£-° ^HJ '^j 1 ^ ^ u^ J «J^) 1 - 1 
<j!ojJ Ijjjo^j (ji <jbjJI ^£J < pIjAJI aLslLs Jjlli c*5j idJjj <L>^-k oMj-oJI J-jJb 

.dJJ 

* S 4 • • « 

jKfl ^£. Jlj mil LjLa^.1 r^kcf .L^laJljuo jJI j-vl^t £y^i (5^^"' <UaAJ «La!» 

<lx> mi"i <iLi <explosion jL^Lil ijdA_» ^LcLJaJl ^U**» ^jlit II J -> «Wl» 

. (9) ol£* JS ^i ijA oli :<k pL^iJI pjhill jL^VI SU oU . jjJjlll l+ili 

-• * « "* 

jJ tpf J^^ lil .1 tflTio Lojlj ^jlSJ <JjVI /Jl j-Jlu^yij ^jl <J Ijjioj «La. jp fl o» (jjiJI 
^J Jlaj ^jJlj _ IfJLa. <Ui J^liaJI l\\<nj (^ill J>J^' J-*J '(j-O- ^ UJ^' U^ 
1^ rt^n _ CjLaL^jV» jw Jrt^ ^Jl <Ui c 2>^ C5«iJl ^jISoll t 2h 6 i»JJ-^ 0_lu (JlJ-»J-* 1 5 
Jjaj ^ «tdu « <Jj Mi «jJLuaJI jj-fi 4j-ALILoV <a!j f^A CjLSjVI J^-o Cx5j (-i 

CxjZL* (^jJI «iaii ilUJI dll ^j ><ll\\\ Ah ^jlA >^-ll <^i ju-$l "*" n V ilkLa 



:^a.Ij toLo^^jla-aJI (jx Jbj-J .^jjSI 26 ^j* La^Lu-o <jl^uIjJI <£,LuJI <jLj «jjIjJI j^j Lo LiJlx. (8) 
http://www. merlyn.demon.co.uk/critdate htm. 

.«explosion» <*& <15H Lu. JuAil Sj>«a «plosions» J*kh JSU Lu^ (9) 
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CtSj JAj Big CrUPlCh Ijnhr L5l^ m M ^U i m <j1 \ *.ft_i t «1 3,1 i n» (jJ^JI Lfl-ii 

-*■„, *"*' * «* -* 

<-jjLij j s"JI «LtaVI <jI dlJj <U* <o Ip 11 n*Wl jbjj &^£i ^j - J-vSH-cuuJI ^i J^ 3 

jJLnJI ^ jj^ h~\ II (3^-aj ajjA^. _ jjI^jJI ^1 Z±L\ ^jj^JI j-^>* Jjjlaj <TqUiJI 

?> 
.<kSj ^ LjJ^-o ^1^1 ^ ^^ *^W ^ 

.(j^SJI *_cu^J £*£. J J \ * ~\ II (£j^ t ■ frjS A (j 4 * <j| ^Jl <l rAjl < j ^1 ^ i U^> 

* J r\*\ ^gS <jj_o 3^" O^ ^iJ (^iUI <(1m)^-H A ^ ^ (^j-ll 2 *LT^ fl J^ >^J '"^ "'J 

*<Ljj^-i-<a <G_tu 4^j-ilj 1 5 ijlj^ &jia5 (^tUl '^jj- 6 -!' Uki^' f> "^ cr* *^J «oLijVI 
^ *i c.] j <scale 4 luL-Lq ^1 (Jj^ m ^ Vt^ I ^3^*'- uj v^J l*~* j^ ^ 6^ <lil 

(jX. llJLa* LaJfcljjaJ Jjljj < t jj"tU'5\ <3^f <il m nlL J) I * 'm (^»iJI J-aLaJI ««LuiL-Loj)) 
ciLt J-^a-fl^ Lf lJI 4-fll mnllfl f 100 (juljflflll ^jl^ <jLfl I J^ ftj .IjaIj I^Lo ^jAVI 

CajL^ jljLs (10 ) fjjj 1 \ II ^_5 Ij-^Jj ^juLii-aJI tjL^ Loj^cj *>l-o 100 jjj'U VJI 

^jS n j j *(,>" 10 J jJ-o-il {j* ;jj «I «l' (j-fl AaJ^ LAj<Aj5 <il f ii n t ^jjjJj) i^fl n JjmUJ'i'1 
rrjLajJ lj_A u ul *a^ll J^oLc i Ac CiSjJI J n" r I uji m^ I ^jJ" mjnl iTjVjLa^o v , Vm^I 
CjVjLxaJI adfJ <J J i t n 11 <LjlI|jJ1 JjiaJI J^.j ^a Jjl ^jl^J -oi^' O* 6 j $ I" ^ * 

A '"sju A ' U \J ^ d *^ ^ II <y ' A jr * ^j a -^ a j a II j t j i UI \ a II jujLij < jl i U II 
l^^5 ^jJI *A. A. Friedmann (1925-1888) o^^ ( j^A JJ sL^S\ jSA n,$J 
aj-A tJi^-^j ('^j\j °j" ^) ^Ah-" a ft ^ IL* *LljLt-a[ J-jJ £ j r til t ^ 1922 p.l_c 
^^ll J^j Jj-L^JI J"fl*i j_^j dij .(4-8 J< m Ih ^jLojjji cjVjLjlaj v-»VjLjl.JI 
f 1925 r U A. G. LemaTtre (1966-1894) ^L^jJ £J ^ o<j?<j» ^^e^V 1 

((«LiJ^SJI <l rAj Jl)) 61 ft i n Lo Jd^J '^Ij^l ^1 C^j-'^ T~f ^^ ilH 1 Uji L)"^ ^J 

.^ktll jUJjVI ^1 ^jjJI lojlr jUai ^1 ^cosmic egg 

4 m j lift ^.IjLo La.jILLa LaJLc L ui-iJ A " p .11 * II 4 i ,it.t ij .flat rr h mo jl (( In m Ti n» 



c^l^^Lfil g— a Jji-La» 3tj A j Ul M rr t«Mj Lo^x_Jjj3 1 Ini \*\ \ A \\ 1 <J^VI ^J| g— <^JJ)" I nt 
Jja^j V 'QjlA^ jJLt ^ jLaJI ^A La$ tL uila jJLt ^j .JjI^jMII ^a 4 miIjAa 
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■\ 




C? 



C jii* <illS ciili Ijj .uLu^ji jJU jujlj .4-8 Ji-iJ 

i» 

<ijL {jdaJSjj *jit <jjJjl *-"jjj 4-Lh.j^» *i*jj «liJ» a» 

<g£J ^Vl ^Jl tAjU ^.^IL L^J! Jilidi 
(»11 J>-»j £-* cdJ3 ^ ^5^1 ^l J .'*,»"* 

jjjLJI jjiJ ^^.jj SjJkka* jLudjl 4-o_ki .JjU ft jjlL 



S* ^ ** S* -- 

* -^ ^ ,-i 4jL^-o J^ ,-i ajUh II jl ^ b'\)l\ ilt±*. jju >i u- 6 j <aIj-& <_$-* <jXo jax. 
<lj^. Ijjt ua ^jIj-jJI ^^-fl oLS aJLaJI ^j[ ^LjJI JjJftj o^vj -g-l lAiill £>-» <H-o j^L 

^jlj <lj-a* I J J* *o <Jj-±JI ^i ^jLS ^jul j fl a . 1 1 ^jl _ ljP*J <j1 < T i *% j j - <jj) ** * J f fl ^ 
1 n i J t J i^4 t ^jlS <ij-a.lj lj3-o <j jl ^j^VI (j-A LaJbljj^J JJLaj (j^p-U' <Q mUVJI 

uiiSl ^l^ JJU <<JLijLsi II ^j flj^. liaa^ ^jl^ IJLadl ^L Jjtflll dl'^nj <Sj.ji> <n 

•(jjSJi o-° (JjI-A j^ <Lojj Ijja^S-o Jhj <hj (Lo^j Ij^jI-o ^jlS Jula * j tj "U 
L^jl^i ^^jJI aI m^VI ^jl ^'nj V li^-fl <tj-ajJI j-« jjI^^jLo aJLaJI (JuLil-ft ^jl ^j-o 

fu^J Ij-Aj <4j-ojJI J-« JJuaju» J i^*j|jj]| I ^ 1 r>^*t tn't ,~-iJ' ^jl i lAsllj f^j-a^li .JJ^-» 
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Jjjill ^J a.1 IVmLj «LCjj^a SjLaJI <Lii jntj p-Jj-oj ^1 Jn mm «JiojJI > \\r?\ ( JaJI 
Jj-uajJJ ^jAl 4j&jjla 4-ojij .pL*AiJI ^jlnil ,<-*-" Sj-aJLuxII 4 A.KOH dljJ m t ji*!-» 

<jl (j^ e\\ jLi <4_»3La. S^Ja 4_L_ujIj_» ^jA-VL» Laj&|j^.l jtlihin <c>lj ^ ^ II ^.*^j 

.LjjUaljl 6J-6 cJLL I Afl o 1 (j Jl.^, sflc. -j^tUa'ill 

La^LJkl (jJa^jjLiiLi ^£^A.VI £**- LoAlJ^J £jl" lr> fl"i (.itln <— flft LtjiA.1 ^LoJukj-fi CjJ Jula 
CjVjL«-6 (La -*^ ,—H <4 * Jo-A lj_A .^j^LVI (j-C- LaJbljL^J ^^JljLLjjO <}Lual <Lijl£ 
LijjC. Ijl 6j£ IfliUS" ^j-ILH <Jl i n n II uuaaj < . Sj'S In/n ^^lll <<KjjaJI ^ cPjjj 

V - Ml* <dL*jij dL^itj _ pLaUI ^ (jllkli c*jL£ UI *Jj-JLj .LjjLUojI JLL 

jji (jlj^/l m La^jLfl *UjLU1jI JLU I a^ ai <PjjJI ^ <5jjLVI ^>£. Lo_aIa^| JjuLlS 

^-i '^'-^j Lo-° j-^) Uki^' P-^S* (J-*-^ JJ^ojlj aJ 4>^J "cJJJ, 1 " m " ' ft fl J ' ^ jj^ (^^ 

,^Ll J-35j^ ^jJI O Uni J 4.J<1 i n CajIS SjiJ 4julo^KJI P^JJ^II 



j^JI J-ua^lil Laj^La cAj ai cJijJI (jLi <jLltVI ^ Cilh^^LJI 6J4J LlILkjL 

- " ^ ^ 

^1 strong Sjjj-iJIj ^electroweak 44jt ,All i^L^illj ^jUJI c^jiJI) La-o 

(jLjLa o-L-alj a5j .^jj^-^I (^jill (l>-o J-SLIjJI S^i cil <*■>$ jl tfdLiLi Sjlj^. 

iAjj£. bOSOnS CjLjjJ^j iia-uil^j jLJujjVIj ^oj"ft^^ft fjfyJ 111 1 Lo^^tLol pljjiJI 
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Cih i\^k J-Lfi c^^lLlSj (2x>^ u>-3 * JJ "" >>r J'J^ 3 J^ - ^ *{j-^* ^^ a J ^ <->^ * ^ 
UjLcLu ol<£ Jl m"i ...I <j| .Ajh^ll jL^ijVI jjlj (ijjli 10 ) «LilSJI <j-° ujf^j^ 

Cj'-CL-luJI q1X*jj i j m 1 11 C»l ^.1 a dJjjLjJ O n n i^ LljLcLl^j g2 < J 1 <A r> *,— dii jJ-ft-aJl 

ia^jjj lliLj oJ^JJ ^A-oJI * 1jj1]1 <jl£ .l^la* LLu^j A\K\ ihj <(c-lj^ *J^Ji LT* 
<dlt jlaoJI 4^_^J £j-AJ fdj^L» CilSIJ /c-Aj <4 iS.ii.U-11 oIjL^.JJU 4 ml ij <ilc 4 nih" ml 
SJ^ajI jjj^ f^J^ (j' tj^ ft * 1 a vQ 4_>jjL=k. £j\ n i (£jJI joAjJl jIjuLo 4jhJJ Jfl mil <j-a 

.fjflc i&jia 4 jrt m'» J (J>Jj-uj£JIj ^J^LJI 

«* * "* ** ** 

4jn uu Loj (dlj^L <£* (jJJ^L» 10) 4J^ia ^ JjLflJI CaSjJI lj_A jjj-a J-*-^J 

jJLaJI Ijla ^ii IH <4ajt i^ll <of»Lj4£Jl ljli\ ^£. SjjjJuJI SjJLll J ***Ai (^-^f 

Sj-o 10 Caii dljMj <£.Lu <jj£j ^ lt'I jL^*^l l^Jfi- <jJ UJ^ Lf^J - ^J** 

ji .IjM m" ml Jj^n^ll aJLsJI IJLa j^i j jj ft" 1 1 Jjli p^^-iii ^1 i*J^i ^l Jxi _ 
Sj^i^c ^ ^-'j (3^ <c$j^ Cy±c- 5-^j-l ^j^-* J-* jU«aJ-JV 6^ 6-^-" ^^^f 

** ** ^ -13 

piaJL UjIj I ml m-J «*U 'inj m JJj ^jiJ *(ipli 10 ) i^lUI ^j-a oLi^iij^ 
(^1 vyjAaJ CjIjW J-fljJ 4j1 <_ii^ V^*" ^J <J^.'^H UJ^' LT^ ^I^^^J ^JJ- -" 
^jUILj .dtMj J^ia (J-o 10 ^lijl (JJ^JI c>°^ JXa ^ ^^ 'U^' LT^J •^LT^' 
L* ol ^l ^'^ Jf^ ""> ^ tl>^ <<jL^V ._.t^^ 1 <Lop^Lo ^ail Cil^i^JJ ^tL LajJjj» fl 

/C-*JI Llj>ljL2fc.J £jp^ <J-^-A 1 CJIj-jl JjLSfc i J_2wlj jJLo 6jj3 V' l/^l fl ll rt * *^> J "' 

s' s s $ * t ? a 

jJUJI j^j oli .1^ 4||,Aaj <li!iU>| £aaXo cjuijI <aLqa1I L^La^ ^ L^i< 



mi t ■ 
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j"Vtl" (Higgs bosons j*ja cjUjJ^j cul£ Luj) jntn cjIaju,^ Jj^?J «uil^ 
la^j IIaj <4±£ I (j ^ 'i ft <f*jj Z j Ifl W gauge bosons <.jjL.ai.Jl cjLjj^JL 

.(j-ojJI <j-a /c^u 1 .ftti 4 j ii i j UI \ * t\j4&l\ 6^UI <j-o «LLuluAJI 6jAjI jj-ojj <ljhlj-o <j-a 

^ Lajj^j 4 I irtiu CiCjJfc <~\ ut\K m \ (5^UI iiilu^ *^j J («^1 1*^ J j^ u VI oij^' 

.jiVI ^Jl Uj^ 

j-tjG Ci ^ j <p!j h 'V I (jl li j ^ \ 't'ic-Z* J^ ^J-^ (£jl> ah -^ T*} J (i ^ ui f*-* <(J^-* 
jij^^II Ij-A ^ jjl/T* "t (^l SjLJI JK-Jtf Jjl <jj .^LaJJVLj la-ij ^S <&jli\ 
cLijZjj-J\\ nucleons cAj^Lll jl cAojjK'iII ^ <jjIj^x 5-=^jJ ^oj JiLk 
V j .S j i j uji 6jjL11 Jjufl-i L*-o cjISjI^SjI p ^1 ^ m Lojuc ^jjSlH /ff^JI ^(^hjlPj^-"Ij 

yr A-ua J J JjLa jOj&j SjIjjsJI ia.jJ ^ti" 1 LoOlt V[ £>J^J (j^ fLa*jJVI IA4J o^-aJ 
^i 6JJJ-UJ 6Jj^>J L^-jJ ^*Jj^J 6Jjfc Jj& -((>fiJ^ *^J^ 10 ) *^J J *^AaA?jJ 10 

SjL*. L^| .3 1 U n II jq >^ll jji dj^L 4j^.jj 10 jjL?-jj V L^jV «dlJ^L ^LjjL» 
j>>.*l lyuljSolI I1a (jiJ «SjIj^JI <^j*xl <^>jjJI l*i ■njjUo ^i dJjj fjjUU la^. 

JJjj ,4 j ,J miVI CjIj^jJI Jl n * " i,.l ^^lc ^jIj^uJ ^ <j£l * A 4^t 111 
ui^j <Lj1 Jjj <j • * * kJI dU^Lt Ctlt^J (j-a «Lop^Lo jiS I fl II ft»" riil J t ^ j <ia.j-ijl 

fii^LJI ^i <cr A <jjul111]I cjIj^jJI ^t a IA i II cjl^kiJI (jt <4JL» jc ^^^ Vt 

^j^aj Lll Ijj^al^o J^ ^ '^>->^ U^^^J *^LI-S jjjC. L^jI i^jJ ^1 ^L,^ wLjL^J 

s * 

A\%\\\J\ <^uLuH\ cjI^jJI ^gk u t^^ V ^1 ilj^VI j>» <J m,I ,,, ^j&j <j\ 

^jjj ' J^H Uj J I ^^H **-^ ua J' <lj-AJ /gj i*t ml -'^ "^ " 4-C.j mi 4 4 1 ln \ d 11 ^ - «a' - ^j " * 
.<jjJ Sl>i jki l^J^L iiLuw fWfi ^ <d£L <<i (10 26 ) 

Ij nii't neutrinos cjl^iijjjjilJI jj^j - J-uai3 <<jliJI <>» So^lj <uill» jaj 

j^-fl JjX,l i^Q < h ^ I II cJJj 4 j^o UdJJ tlfjln ($^*A Sj-o Jx,Lftjj ^jJj .SjLoJI ^j-o 
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pLt^fiJI J-±£- 4jj^JJ <£.j-LUJ ^^^Jij fP^—di 1 (j 3j*J (jl (JjJ UL?^' P"^" L-r^-*^" 4 ^ 

#= s ? s & 

{J&, ^Jj .Lo Jua* ,JJ LaLij <il fl mi <JJJ-Lj ^L>^ CjjI^ jJ La^ fcli!Slj^JI <LJj"-s o 

** ** -- j £ "* -* 1 

Lo J$j ( L^>^* ^-"-^ ^^ ^^ u3^-" j^"*j LIjLa fL^Jl^^-a. JXk spins ^jSl 

CjI j-\ t^3 j t j 11 pt o mi (ji^^ (1)' £^L$"^ "^-^ «li-A ^j-fl S^-o Jjl jS Qt LaJ-lcj 

«^jjiJI A f\ m 1 c o LLiU^ c>1^-LjjJij) i j 11 jjj j| .oLj^-jj-fljl fil ^ m i ^_* * K ml 

J ' J ** A • "j" " L-AJ^H^J £ Vjil CjJ jVX &jI 1 a, t 'i C dLjJj <<jjl^-a. 4_^ j J j-^al -s ^ 

^o jjJi c-il^jjjiijjjJI ?j4U j;! ^ <lxL* II <j£J .^j! §j'>^ ^^O** l*4 UJ^ 

j-i-u=JI JjJ J j" -^j J J^-o >.fi j $ U jJ-Aj JJfi U^-jV fi^j-aJI «jj^^i-aJ <_ii-LA II 
^°l"^ aJI cL»lj ^y^ <j| j_A JjJ qI^j-*^JJ> i 't II fil n m (jl ^j-fl i_i^ m II . j 1 U n II 

^^jhj <antiparticles Sal iA o II I o "I nj m ^ j_o cjLjj^-l£jyi ^al i*->"» Ijjj ^ ~j 
<L^jj 1j ^j 'gj^ -'H jIjj oLjjj s >L1I joc ^ ^'j * positron s oLjj^jjjj^JI 

,<jj^S-aJl r* l^o 2 1 pLo-lu 5^)1 j^ 
6JJ& ^jj CjUjIII Lf J^- ^<J? O J ^ i ((laii cdjMj <La.jJ 10 ) S^jJ-i Sjj^j 6j_Aj 

^ ,. ^ - " 

J^Lfl <Joj) ^ ILj &jIjj^JI -*' ^ Jl* jlj n" ii» ^-« *OI oL>l mi^ II (jJ-KJ .(ul-o Jjl e , >^" 1 ^ 

(j-a «LL-oJLi 77j tAj) 1 1 o H ^j_a <Lj_aJLj 23 <l»Ij-5 g 3 ** ' '" <i-0^' j * ^ * lii-A 
(^Ic £oLi>i^>j <ajj1j oLj^j^j <fi}li j_o ^^11* fberyllium ^jJLj >->: ±jj lithium 

Sjl^a. <a.jj ^1 (2jja, yjj «(^IK <^.jj 1 .95 ^ ol^iijj^illl 4jiU 5jl>a. J Lr l*j (Ia j 44/1 1 ) 1 /2 

.^1K <^.jj 2.73 (j-4 cjLjjj^aJI ^>qU 
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i neutrino j-L^j^l iaLa-ll jas. ^^-Lc '^>f^ ajjIo II &>£j c-iS^luj .(j^i> <j-° 

l^fs5J ^* '*^* Ch f*^' OJ^- 1 *^J . O» l N _^J-> N _g^J > _3-xlJ 1 £ya <ij^JL-o 6 jj rTi n P l^j| <jjLt 
*J J I f) II (j- 5>*'jJI ^jLLaJI <<JLaJI 6J-A (^J - lj^a> Sjjl'sll pU mVI <jl i fl t*S 

***** -s * ** «• «. 

^a loa. jjt i^llj 1^. jj.^H (j-° <^-jLjJI iijjL^JI ^ JjLiJI aL^ imWI liA <j[ 

.jaJjJI <J[ J-i^J LoJ <5!UI diAJJ ^Ul 

lJVI Cjlla Jl^=> *^L^ (^ptc- Jkj •" fJl*JI ^vj'C^ <jU (fj)l\ <LL<Tl mnll CjIja-jJL 
*LajjL» ,. j t j m «GSJ <0-2^-II ctLlj Jlj-» dJ^Jjj AJJ-oj lX>^' J-^^'JJ '" 'Oj* 1 '"'' 
LT* U^-" 6b '^** -CiLij^H^Jyl (j-ft >=^» ^ y i im (^1 t£JJ-H U"* J '.* ^ (j^J 

^V <ajjJI L*Lh ^yjJI Jmo i m II *Lo d& ^J <«u mijj «a"i« n <g£J Ij^. jLa. *Glj ja. 

t,— i 1 in M J .U nm^JI IjJb J-i-A J-lC 6 j t net 3 oLfll m n jj;^juj jinn ji £jS a t frj nn II 
( j^3^iJl ajJlhj . <JI fl *■ 6jS O j n ilj iLljJI 4 \ uuJLj <l n'tl n jua mi II (jLi <4 infl't 

JLaj ^jl ,-JI ^jnn mi II 3^J"° C*"° LS^-«jl 4-1-ui (jJ-i^Lo 1 ^jj^*t uUj 4 * H " ft 4-L^,jj 

** -* ^ . ^ » 

(<Xt SjLclj ^ 'i^l <ri" ftl (gj'y * *< 11I * II (^H fj-^ (J^ LT^J * a " '" Lf^ ^*i^>- a *-'' 

<LiJ J,u^i4 ij (^iJI *iaJLfl c*ijJI dJj ^-ij .j^.1 ^ ii i3r?>^ LT^ ^J l^iLuj-o 
js nM *GLi ^LiJI pLalII ^1 J^jjJ Loj^LJI ^ ^JL^Lui-JI I1a ^ pj-^JI 

# 'i ^ o 

Lodlt <j^mJI aJLslII ,-i <JjLo-o (_ijijia cuLui a5j .^j^l «Lljui jjjj^L» 1 Jljl» 

.LujJlI IgJfiljjAJ Q^jaj V «UlULuj LojiU ^£. pJLaj I i 0^*1 n p j) i Ai II (J& 



i-^lj CjI^I ft i n II £jj\-i*a <6jLuiHjI ^j-° U *** " *— ■ W I C-ilj-a Jjl^^ fSLa^fiji 
^j <4jiLua g-l a mil oJ^J Lodlt aIjjJ JJJ^JI *^J^ *^J .jLiuaVl ^ \j=>> *j-l&1\ 



^j^ti^vij otijj^jyi ,> 
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^ \\\ I 4 ji J.L.J H Sjjj^JI U t o " <(^jl ft "«H fLLfc*aJI Ijla ^^-aj .1 Ia-jjLj ^1 a a ml ^ 

yg t i^i" «Sjj^jJI «LujjLLII t^jjlaJI 6JJfc ^j <( t jAlS 10 ) i^jJ t-iVI 10 JjA-o 

oljj jjJLLl LajiLJI ( 4 h i^""j .^jUL jkLaJLlVI (j-Lt SjjLi l^-^l ^lAju^-IVI 

S* J 

.4_»^j p^UJI jLlL^I f- j iAU ^^j t<jJU-L * L-iVI Sjjjlj ^yJr. Sjjli jjjlj V 

t «ll^J V liAj <<LajJ ^-iVI 10 ^l «QjIja fAP 4 'SjIjjJI g-Ajld (jSfl jJfc 
.«-fiiUl g- j)U mil lj_A jJ* LjJjA L» JSj '(^LjVI 6JJb yi i jt\f\ mJI yrkm Sjl>A ^£- 
jJh Iti-A (j^f tlj *• ■■ «j-J-J^ J-xijlj-o ((jjj^jJjil {jjfij "'J f<jjj_*,i S„>^ j-A p-jj-^ J^ 
^jJ frj «Ali IlA J i^ij <jla" oVL {jjiJI jlj n" lu! £_oj .a Ik oli j±L J-JJI J-*-a? 

Lalj .^jjJI lij L j - " ^1 microwave background <jj^i-JI ^Ij-oVI i j a U 

l_0-Jjlj-a. 4a.jJ tl>^ <La_Ajj-o L»jLj MjJ *L»JLaJI Ljjl a m O-lljLa-fl .LjjIjj J^i m 
COSmiC ^jUl <jlLkJI ^1 * < m| J-Ijjj .JjlUolI ji^-eJI jji <aj j 2.7 ^J oki-A 

L U ^^o ^i£ <Gl :4j^iJI jrlj-VI iikLo ^ «Gjjj background radiation 

.detectors l'i^ml^ ^iss 

Sjj <sj^u ±*J> jli (<K (jjill <_$-£ SjLJI j^iil* ^-LjVI 6»1a ^i llaS Ij[j .J m i A 

jjn m /c^JI 6.\ i"fc.J-ll j 1 nl \ * II .t,!*^ a jIa (g\ _i LuijJu hflfl |d^.lj U *^JU^ * A 
*(<j-o ^>fi^) (j-JAj^np II (j-A Aj-ta-sJI jLa^flaVI 5j <M \ o t^iflfl ^iiJI j faOjJI ^ 
ajjJLJJI (jj* Iji ih\ >- ^j4U jj5j <( t j : iAjj h AjQ II (^h* J- 3 ' ^J^-l '* ( J- J-^) fr J * U W J 

<AjdJ Jj * *1 O J (^-jl^ (jL^-0 >>* (^^^ i^-J 6^-0^ ££jJI <aJLxJI .AJJ IjJ^JIj 

. 1 o 5 v 1 1 /Vt ■_«« *>■** 
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U- . 

>v -•..■■;•..-. .. 



■■■■ : 






* J 



f-^jj (j^SJJ jA>*f o' J n " ^ n " LJ"° O^ **"■*' wi " LJ 'p p "'" U- 1 ^^* l>^.*J '" **"* ^ 
-J «Lhjljjj £ya LJ JjV l-jI t ujVj .pLt jo^'ll * JLal^M IjJfc !jlj olj <^j! m", ml 

^i ? a d ^ II dark matter ««LoIjlaJI SjLJUj ^jj!^ II ^IjAi < <l>±^jJ d ±^ ^Lp 
^jli* ^1 ^ (jll Ll* }Li3 eJu^l «Ja/tf ^J l*^ l-Aj^ er^ cr*^" <J^ <oJ^ 

J)Uul ijj <^jJjjJI ,_fl (Jsi^' f 1 ^^-* ^-°si "^AjL?"* cJ-° < J-^A*o tJjLa^-aj <Loj (jlSj <J-^-l 

j-i^j .SjL^ jjIaLLoJI tiiJG CjjLi-^ <LLiLu=ixa jL*-JI p-j i^l Lo<ajljj t j t« iA^oJI <jj^SJ! 

(^jljj (5^_i ^jLuaJ ^1 CjJ «H?0 J (^i Lf-Jj'j-^ d * S "» jl «- i n il j n I I Ci-i>JI 

? j n ^ l jj .m ^ ^ Slj^ II c4jj <( jU n I IL> ^ -^ \ II la-» <nuclear fusion <jjj±1\ 



J uaj 6j_i_iS ij^La. flJLi^ <Li_a-a*-J J J) uj ""» 4 n i 9 .oL^^-ajJLj 4_£_xjlSJ1 ^j UI 'i n H 




^pjJt 4/> i n II .Cilia^oJI ^»i^.| Mj- 6 Jj-«J JlaSj J^ .(j-ojVl ^j-o (5jJ LaSl CjI^h?^^ P j>* «5-8 JiAlI 

4ilXJI .-.l^iaii 5JSL^J! d A ^ ,xA\ LjLLJI ^ &1a -.1 «lUv.yi .^^ ^j f inTnjilaJI (>> Jil L^i cilj^ »11 
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.(6-8 JS^JI) <£ 10 61 
£ Cl 

1 ° 3 ^ Lio! M .*! fc 

■g* j 



i 
1 



4; fcj i.: t : 




(JSL cJSij ^IjSJL, Ijji.) ^^Jl 
^ „y. H jh-^ J^U. Sjl^JI <Vj^ .,jjUI SU*. J5U il^5>U ^^Jl ^LiJI .6-8 jiAJi 

i^jJ ^^A L^j J^,4*i w<ia1I SjIjjJII <a.jJj .4j iMjULjJLaj^iLilj <ijJLyukll ^jla^UI J i«"iflTt (Sjjl^VI SjlJl 

300 ^ <J-»J^ 4 vla, n.ll <jj-JI SjljJk. <a.jj jji L»JLi£. jJujJI ^j^jjj * ...tLI* f i A j^<» Ja-s. )| SjljJk. 

.1jj!£ j^jt ^ nnU I 'ii a ^^i^JI JiaJl <jj£ ^x.^j *(j^ *Vj J 
-i? ^ 

1*1 1 o 3 m* o jl £ LaJ (j^J ^cjj >Jl?^ J (j " u- 6 4-^j > a < /\j,\i\\ aj *% "t 11 (j[ 
Cx$£* ul -^5-^ >^ z* ^J o>^-" ^j «^ ^ fnucleosynthesis ^j!>Jl 

^ O I II J <A ■> "t (£\ f^jSjLj ^jl JjJ5 tSlj"^ 11 ^j^O Ikla. S jS j O II J^Jj^oJl ^—fl j i^il 'l t II 

^i Ijoaj j;j-^j V ^aj .primordial nucleosynthesis ^IjJI csjS^ ^IMm^iVI 
<iLuiJ <L^-ilJ <jj^-o c^S^" u' cr'l 'Jj^' ^Li-aJI ^ ^j-»^ 'i^j <**jlo^ II *j_a 
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s» ^ 

t, $ ■** 

4 "> J*^ j a *t II JJLn (^J-J rc-Lc- '-< * '^ » U-°J <4-L^j-aJI 6j_A ,—fl 4 ^1 y j j"^" **" A "* 

.^jj-a^jijjjjfc LjjjJftj j-A u 1\ i II JSj (^jijill (j-* 4A-aJLj 23 4 > m 't J j aj <Jlj>^ L^J 

* 2' s 

.ijjlalll 60fJ Lo£.J dJU oijl^JlJI 

f* ^ 

<4jj^jJI pLjjiJI f- jj ,J| jj U*\ 1 1 C\ inl'inll Aja^^-oJI (_>ujJ l-i-A .jl4^l p j-^ c^J^ o' 

_lc J-Jj f^ufl miJI 1 (| J A (Ai (^J ^>J)^M' pjia-uj 4 Qji-%. <jl ^jfc 4JjJi ^i%j La ^j^-l 
J^jLij (jjLoJ (J^JB ( j 1 jSjj Cul^ L^-Jl <rt-io^l /J*- 'j') (Jj^-" cJlj La j i al ?t i II <j) 

Jjl A. S. Eddington (1944-1882) u>^4 t^ 5 - A>' iS^ 1 o 1 * -(W 52 

^jjk aJL_ uxj 4-a-jiJLj j j *% "i " /c-jJI 4-iLloJl j_A aj) ^ \ II Jj-fij <jl r"^>-J-jl ^j-a 

.ajaI^JI ^i U-a L^-LaOilj < ( j ; ia.j 1 jJj^JI 

j n A «A II oljill 6JLA J^-a «J5j"ij li-Aj <5jj U 'V II 4JL1Lj aI ihaI a j «n \ II 
(S3J"* fA^^*^ j-* loIAIIj *pj a mil _i 4 j t i» a II j <6jl^aJI SjjJ iii 6JLa ^a <-*jp. a .11 

<l(j^t Art _i ft-i3 iii£t _i <±jjj o^Lclij L^xi ojj-^-j j[ <ui-ilc. jejjI^ > j ^ \ 1 1 

Jl i^>Vt ml Ifl t inj-> <l(Jbjl ^j- ol ioi'i jJ^jj j' 6 **~J (J^'^'j J ft * * **t 4i.1r 2 1 6JlAj 

^Lukill ^ L^fiii aj ^2kl!l ^ ^a.jUJI oUJJI 

lj| UlC jiklJI a-LslIjj .jlaJI < j-» j A J^ f ? ** I j i^l >^t II ijjL.ivll 4 i^ift lja3 
ujlijli j-al lju$J <<xjjL^Jl j/J'ii Lui g. o"i^*1 Lap-Ija.1 t,.!^ i «m <" 4 Aji II Cih £xj\& 
Jl^JI ^jl .L^jLuSj il^jjIjA. *L±jJj cL^liLS l^ i ft < A ^j^° <J^ls>*^l U"° *^J) nJ > ft LT^ 

<a ^ "t cjjjii f^lf- SjjLS ^I'jUh n iili^j §jl>^ ^j^ I4-I -J-*^ jl'^J cP^VI 
^<UII ^Lj^l (jL LaJx Jeans mass >Lx^ ill£ ^amm 
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<JUJI ^Jj -*j>>'»H j^iu jIaI^ ^L^JLi J^j Jujj Jeans (1946-1877) 

iaaT. JLa> ,-ij O^*^ <j1 Jj V iijjill 4 fLi.iiJI J Jjj <Lo^aJ Oi^ *^J 'lt^?^' 
a-j-joj «LI^SJ 4 * fll S n j'm^ <JaS (Jl^^ <Aj) ilfl II j ^j-aajj. t \ () II (j-° ^A^ -6 4ja.Jj.aj 
^^al\""j , I fl " al *< jIj^J A fl "«**» L< 6 a * * ^ jl fl *'" La J J C, «G| JU_> J mi o m 6j nif. 

la j mi~* UJ^J <LuiJl la " ■"" li! < \\ \ fll V* IjL^I Ifl-jl-J ^L*^ <jl U^j <flja.ll <j-o 
4.1 a*n j m f ,^-6 <JlJjJ& Ifl \ m \\ --jJI <<lln*i^ n II aj ^ \ II £j\j IjlA .6j-dLuaJI aj) ^ 'i II (j-a 
jw n n V L^jl : 4iu Jjjjj <4jjjj £j^lx.Lflj Jjl|3_4dU2 q^ y J*^f U^ 1 m* V <m t n o m 

C> mm I <(jnA mi H ^ya Sj-6 ^jjjt m" J^ M <tS J^l ^A L^ ** n " a ft A J>* t " •lAua-o 

{j±* ftJLI Jj£ aji ^ *t II * \ f\ ^ I \ IjS-Aj *o " *""" f- 1 jl^^-A Vu i*1xj L^jI rSj il m n 
<j-o <Liii,1 ^ Jj^-aJI jUJI - 1 a ^ 'i <jj^ <j\ «J jli t^.i-11 j'-*-" ul 

6 jl ([ "i n j njr Sjlj-^. ia.jj (j^ij <LL^.^a Jjj^h" lili j jlj .SjIj^aJI 5-^jJ f-l-Ajjl 
^jj&j UU ^ rta't" f^tj ^ ■> t fl \ t II J^o P-^ coJ Aji <«ct1j (j^jjJI J t ^ "t I IJ-^. A J H C 
^Iw'j I ^jflj •J-fl-tl J <*">! *>f ^jjS*! I fjAl 9 i \ I ([ lAtl ^I^J Aji l^>"*1 ^JuI <AJJ 1^) II 

6jlj-aJJ ^jS a a II (j- 4 - 9 <4JLoJIj 20 j ^ 1 j j<ifl mi.II ^a <ll^ ^iSl ^j— A /cJ-il <A^^_lJLi 

20 ;Uj le-5jl>^ i^jj cjI ^j « h^ a^j .ciLlj ^ (j-Lcl ^1 ijl^. jJlIjj J 

J» 

<J j) "h " n <^JIjjJU ^j^ ini* CjU^JjjJI Jjlaj 5^^- <£j-ujj ijlj ^ "i IL < L^ k jJ ^jj-lLo 

** ■* f 



(j-o-fl ♦< flj'ir J t fl" mi n ^ j a . < t i ^^-jLo-j ijlj-i {j-* J-J^l /«-A (^j-J-Il A j) -^ "t I l^a 

n ftVn (jl ajjI^JI t£^ll lA-^J '"'J^ <«(JtJ>^jl "i II jJl^l^J» j-J ^''^^ ItlAj *^-J^ 

<(£jj*ui JjdaJI Sjll-v a <Ji»l j <^rir Ij^jjJj j-jojj < t jjSjl mil J^o ^j-ijl (S J** 
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^j .iSLL JiUoLj c£j>^l jtUjjVI ^a jjijj» ^L J ^-^^j ^j <($jh^ £i A ? 

uj^ljaj fjfli\j <-i I i IL ?Uj^> n II <LjJ5L*j-aJI <Ul i i U 6j n»J*ir u-Lkl (j^Jj (j^aJjJ 
LajJ&j^. t_fcijju» i^)lj^.VI 6JlA <j-a J^ 6 Jua <j| .(7"8 J^ mi Ih (j A t j <3>5 I (} nfr • j 
i$-C ^jLi <Sj-a ^jJjuulSLj jim uill £)-* <1a£ 3~ f > * J^ c$Ai * f > * ^ <i^ ^J^. 

.<— t mi ^— i ^ * n c <lc.j mlj jjjsjji /jj j a 4 diij 3jj .^ *t m £j,j),i i a j ^* '"jL$ *~ ' fl 

^i jjd^JI ^j^ ^l <^J>! (^Ul o j^jU.iI I 3>^ <L±j* fffZZj <j\fc* 200 ^i 

i 
~ fl/18 Lji • s t_ lt^Jj^ r^J <e^W ^' * 7 -8 Ji^J» 

__ ff/ 35 Jj^? J5U. < .. i - ,u .. a ..^. Jj\£ fju^L 4-ul^i <C_LL£ 

JjSaJ f jhJfJl (> ^^ J^) C^ '"^ LT 1 ! ^ "■■*^ «tliiljjl JJ-&UI 




^iJI ^JiJ-lll ^UJa-uaVI J-Lt J-Io-Ij li-Aj r^LijjJ^j-ij CjL^j^ ^1 OjJLsJI 
.St-a-i J J^* C^^' 'uj-LSJI (j-o iflUa S^JLaJI 6JlA Jj Jjj 'pj* 1 '"» (Jff^ 6 jj^* "^ 
fj\j .j\q n mi >J ^j « T tUII <jjlj ^^Jfi, Jali ^ 1 1 CjVLal^VI {y> JfJ^ <Loj ^Vlj 
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supenova J^UJI ^O-l^JI LUj .8-8 JiuJI 

Ijj £.j^ .(Vela ^Ljj LjLaj) II U &IJI ^ 
(Laj^ju 4 'i .n ^JJl 1 1 J^S JjUJI ji' m n W 

jl <Argo Navis 4 .■ < j-£ ^ ^j-^- j j n " 

l ,i ^ ■_ i • i ^ 1 1 j^h 1 -Jason ^jj ■■■ * ■- a \ t,4.iij 

.<1jUJI 



3-o P j-xxj| llAJ^i £a.jjj ajj-uJI jL^jVI IJJbj «(j^JJ p^-a^j rr j > ^> j I (j^j2l a ^ ^ \ 

A, J r «-t <La.J-0 J-^ujJJ TfjLaJ) J) "h \ ^"O^ p-* f (J*"'* I & J jl (j * ^ II ^^-L^-lj-il <—l 1 3 II <jl 

Jj 1 » oJI a ^ 'i II ^-<a <j-=^jLaJI p-Ij-^VI ^J J i^i"1 cJ-flJ Lfl-Jjljj 3-* *LjjL!LjJ-d 20 

(^j^j^ J-*'-* j^ '^ r | Jj-* 1 o ol j»! 4 i o ^ *JI SjLcJI «-ijjj t^il aji j^-fl a~n <A ^j^jjij 
brilliancG fjh ini > ^ *^ II a-*-L» ^p *a <" H /«-jj, J «^" 3^-^j .^^oLjj m3 fj-i 3-^ 

L£_»Ls l^al ni a UijLiicLj 4j>^.a. ^ f' j|ln 111 likjM^* '^^sj ^^jjuuo-iii» ^jtj) l ' ° p j)Ja.<.u JjUtJ 

.^1-MkiJI JI < Jft? -,fl SjUI jlkU jij^j , (12) (8-8 JLiJI) II L^l\ ,> 



•3^-V cjj (ji I JUajJI ^ <SjUJI cjI^j m riil JjU'hh (12) 
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,iiti£Jl ^u <ja% t^ f ut? j-aj «neutron star ^j^jJ p<y\ J< ,ti iS l*L 
^jLa. < T i-v mm a h m "t iiki-o ^jhj tblack hole jj^Ji ^uS uj^j 5 <1 um .t. 25 

^i <Sj^kJI ts±$j CjAfla ^pJI t j uall*JI <jV «Llhinll ^ <J3VI (ji jj i/vi II (5J-JI 
6jUb pi m"-m Jjfij .6j_2wcJ> j-it j Ml t"" f aj) il(j II j ^JjIjLaJi (jJ^.jjJbjQ W jj-a a ^ \ II 

^l J^aJb l <j , iA»t ^Lfl <iiUi £-oj .^ajJI Jys ^^ Jf^ LT^ < *^ oJ,ul j-uollaJI 

i* 

<4-*jA rr^ J-LAjL^k. (jjP"* ' Z' A 7 >1 ** 1 " JJ>*^ '^''^ '-JJ)^ '^' Qj> 1 1 i» ft ^ *M jL&jJlj f jLaj 
LaS t< flu ua o a y\ fjj^- ^.iSl^Sj) CjlJ^Sj tjjj . i—tSl^S .J Jj)-\,**M JlJlOL^JI 6J_Aj 

SLt^JI fSLioJi CjLjj^S n ^ 4 1 \.r. (jVl ^jj)S" m L$-*Li f^jn f\ itill J^-^> (jKsjal Cu^oSIj 

t-flWI Cil^-Ac 4>^>J Lij^&j O^J-aJI (j-oj <J3VI ^^it ±3>*\j o^-* (^ Sj^a>jjJI 

Oli j I -% a ^Ji .a^JajJI *J^£JI I fl -v jjU t-fll mm^I ^^ir, SjjU t^ljill 6J-Aj <l$J-« 

.£jU.mJIj ^>illj pJ^Jt *bx> j^ (iAj^ fc-SuaJI Jj-ai : AjVill fj-i-i 



L^L^i LlLjjLH ajJ^i H jKflWI jj-uJu jJj jU -tjj^JI <jlaj ^1 tlkaJ djLJ 

T' tJ ^ fyLLOjJI *-o 4-JLc «LafcjJ-i I j aS <Lfll^xa 4_u| bSs~\ t u n n Oi^ a m II Jjj^j JJj)^ h i a 

J* 

dj^JLi ( jj"Ula*t ^ t^'j-" cr* lt^? «cU^J' j-*-jj» 6^ *-^b ^ '^j' 

^jl (^1 .CaS^JI jjj-aj (5j-kVI ^^ L*-*I*A^I „l»*t m i u ^jjLVI ^1 <J i ii > l U LaJblj^.| 
IJjVI aLLoJI ^ ^jx^js^1a La^jjSJ ljjn«<" <J>^lll dLLaj V J «t^V Ca5j ^ 



.N. Calder j Jl^ JSLu ^a <JiUI 6^j 6^ii <> Jjl (jl ^lj ^>i-l 
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tj-ilkij ^pi ^ii <aM^JI Ijla a o fljj <Io"mi Loji oVL^il f-lj^y C*5j <G-a iilLL-o 

j 1 *'^ "' ,_fl ^jLjJj^j-o I n (j j I j <<^»j_<Ja 4 *> ■<■!■> (jj) j 1 1 1 O Ljl£. I n fl 'i a JS J 11 t" 
C*5j Pj 1 A H <_£jJ ^l^ dJflJ .Js-lujJI ^jJ £>»^ J-AJ *l ij^ < *jj-oJI (jJ^-M <j-o ^jJjUj-o 

.<ajj-*ia iljuj (jj.^: v 30 Lfcj^5 <il umu ^j^-VI ^C LoJbloaJ ^LjlLu=JlLo Lfl-^V 
Lfl-jLj pI o mJI ^-i jj*S.4" 11 J^- goJ I ^ (j' ^ Ut^ 'J^JUJ (J^ ujLcuaJI Ijj^^I ULi 
«LuLa* Sj>A.lj <j^J** jIjiLa-» i^Jij ^ m Lg-la J^ <6j ti i/*t <jlL» u_flJ| <lua ^J| A n n«j a 

** » $ t 

2.7) Lu^ij Sjl^aJI i^-jJ (j^-iJ LfJj loa. <LalalLc» il a <ri.ll ^j^-* «^-^ «UL&li 

(jV «horizon problem jiVI <J£L^ ^j-*-^ «JLaj SL^ lii4-j LAf^ (^j j 

(jlnl^ft^i *La ^JL^laJ <JI i^"Vl j-L. IjjLl <jj^ (j' L^l fc'"**"*, 1 LX>^' (J -0 O"^" (J^ 

SjIjj^JI ia>jJ (j't^* jL^-ll J^JuaJl (j-* (jj"*k5l OJ^f ^ I n H o LoLoj <LoJbaLa I j II ^ 

LaLo ^ m l < rf^i"i o <oL5jal {jH 1 O-flj /c-fi (Lj^Sji aJ Lo 

<isuaJ SjLJI ^j-a Laj>Li iaj^LJI <J n^ II oj£U ^JJ <^1 LaJblj^[ «^jm^Lj fjja 

aJUJI ^ SjLJI isli^ ^J J^5JLj SjU. jLa-JI \1a ^ j^-^J -JjVI ^J a-^jIj 
ll^ ^flj^j <e^ 4 jL ^ UJ ' ^ .critical density (15) i^>=JI iiliUl Lu^is ^ 

jl ij V - jJL«JI <jIjj ^ <1jlu <jj-j.\\ 15 jjlj _ ^^jJI ijj-fi-ll Ij-a (jlj '(jj^JI 
ujjkLji t^iVI S^-iii£, ^ Ij^Ij Jj-iJI 0^ '4 <^£-°-£ -jj^ J- ^ >^ ^ u>^f 



.jliJ 3 <iLuL> jjuLi <^15 10 a 6> ^ ^JU) JLSi jil (jl .(jj^U ^LaJI j^aJI 

fJUlti .1 a^e L.^j -<^^l <^' ^ = 1ie' tf-j^ V-^J' <J^^ ^^ c> ^*e (I 5 ) 
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S^U ojL^ J>JI aU «Sj^Ij 4^13 jJUJI _>ii. <jl£ L,di* .kii (10 16 ^i 1) 

l n K <Lolj_t*a S^ LT"^ CX3™ U' V ' "" A " J -^-^J 1 O ^JJ (J-*Lc '■ij-^-a V <(j*^l 

J^.lj <j-a J^^j cJJlLkl (Jj-*^ OJ^J O^ *^^ j j"J j j o I 6J^Ij <£j JjljJ <<La.j^JI 
Jl£. Ut.AlL L^^aJI l(}"^ <LilXU <jl£ *Gl S^L» j^lijVI 6Jj& ^j^JJJ !10 60 ^ 
yik^Jl IjJb ^ n mj .Cxi^Jl dlJj il* Injili 6JJ& Lf ic U fil ^ (^Ul (<jj^ SjVj 

I^aVI ? K .t. a II £j* <^. ^j «flatness problem .UI ,u/»VI < K ,t, o £jj-<J 
< K .t. o II cJlj Loj .time-tuning problemm iliSjJI <LLII^-JI a K >m n SU m. n II 
iiiLLc i^ji ^J ^Ul dliJjt ^ lt^>* l^J 'o^e^^^J^' ^*S* £ je^' 

Laji (LlJ) Ijjij IjA^f u' ^ ^ d^J^' ufjf-^ pLL-luj 4-oj <jlj <<Jj-J ^ 

#= ^ s* 

Mfi ll£ LjujI j ^ j Loj*tf, j^lj m m I W m th j jjl j^-A llfl-i iLijj-JI 4 K f m n II 

£ya <jlj>S i^-^aJI < fll ^ II *Ui OjL-fi> (^jJI U\ iAIL j <^i»ll ttlJj ^ SLi^JI *ui 
i^Ji\ L$J Jlj Loj <LojJ <il*t^H ^L^ <j1 Ij-a. jan mftll ^j .i^j^JI I 1 n j i 

^ SjUI J^ ^i^Li jJ LjJI dJj ^Ic ^j± <GU ^^=Jl iilSUI 6- UPS J^ 
J^a. -r^jT- qJI <u jj^j (^JJI Jat oli jjfcj <i=kjjoJI iiUj ^j-L ^Ll JJj i<u .(jj^' 

1^" ftjft ^>a <1aJL 20 JJaVl j^lt JjLsLJ SiljS (S^°^ U-^^ LT^>if '^*J ^0 HiS't 

L^-il >a ujIj^. W uaj! S^jb Laj idark matter <.^i ^Jl SjLJI aIa ^1 .i^j^JI 

4 ^ P tl ^ II <fiaJI AJ-A Ji-a Liflj Llil a^J-aJI fj* J^J .(jn n imJI a^^ J J L*^ 



L^f-a J-aLc (^L JJjJI t-Jj-i-aj fPjjJI ^ji - = (jU tfrjJI ^ <^J^J I (j "i ft J fl <iliiJJ ^t^ |j| (16) 
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^jVI SjU-Ut UU l^ (f ^J ^L^VI ai«J a^^ <JiVI ^j S^Sfl ^i^ 
ci^a-VI ^ <jj&* j^ujVI IIaj] MACHO j-a 14X0 J£ |^uili :Lajj^j *La-jL 
<JL$J1 (5! «massive astrophysical compact halo object <** .«riil ^ ^jVI 

J-A JfJjJI Jj rugi II (J^ii jjt f"*^ <\\\ <JJ*J ,\(\&\j LijLjai «Lol^LoJI < f\\ iri II 

weakly <1oj=JI (>a ^jVI *_ijtj-aJ <>* i^.* i^^iiJI aXaj] WIMP j>^j 
[J ^ 1 li 1 1 A-j - — 11 * a ^ H p j yu a II &] <interacting massive particle 

(jj^-i jJ» (c^-ll SjLaJI *_o t gn <A» J-fcl fl**t" CjI n j mi -v ( _A 6j-aAVI p! a j nn II j 
^j (laifl t. «J* 'AH L^kUS J ^jLaJlJI l () ^ n . jjjia ^ I () * m< ^^k (jjjjli 
4J (j^Sj Jl <lLljj-ljj < jjo jj j_iJJI ^_A a t («i^ 11 Ij-A (jl (j^f O^ <oL3jYl <j-a «-J-Sj 
*Jj^ * J a " j" Cil^JJjJj-illl <jV <JI /Ti^Vl J j t t jj^M JJfcJ ^iaJI Ij-A (j^-l «<-t*^ 

<JLjL£ cJ A * m-a LA j 1 nl j r ., rt Mi.j 4-fc j| n -^ ft < j-a J-a.lj j-A 4-^'j-C- j-*-S u-f*-*-f 

«L^tUj jji i^jj^iij <<^o^>jLLoj <jjtj < 4 .ti"^ n 'j±L cJIjL» j^jbj «sparticles 
plnUII ^Li <J^JI fj\& Uj .(6 J .^«11) <ijjj»-o oUj uoaJ super-symmetric 

magnetic -j^'* Jl ^JaiJI aj^jj .^j^laJlj ^Jl^ i* II (j^^ki II I j ^ uj^JoLlLaJI 
^ mjUI'tiin.11 JjLa-Jlj *>kSfl uakUI ^jj eJ-L3VI 6Ia (j-o d^lj jjfc monopole 

diJuiJi ULoii <6Jl^.Ij 6^U ^jjfl a, j <fj injU'it n II j pLj^^JI Cul^ IjLfl .^jL^^ j\-s ml 
(_tinfl II plj tJV j J-^o »*AjI S J i "v j bLa^3 z^ ^Trljjl /«-& ** * ' " 4 "I "** A " LtoJLJI Cil-i-i^j 
(iiJjaJI ^>J^J j-A Ij-A (ji-^f <a >hn II jLa^ijVl ?r Jj-aj ^jJj ^5_ijL»j^iJI (oLi-a-i-H) 
fi U j <ol *i 1 A t * <oLij-«Lj <p_Lj _ jjj j 1 .11 ^j-o j j t^ <Lxi t n 1*1 j (^iJI ^V^IjuJI t.^j'm II 

(jjfc LLillL iffj-^JI plll 6^ ^LLo^JI ^1 c^^ 5 (^IH - J**j ■" p^->^ <ik^a-a 

olj-J-a^j ttjjjLa-j Jh^* 4-a-> <pjht II jLa-JaVI ^Lj^iaJU Lli^j .^j nnhlii.a ^lUfl pl,.^ i *\ j 

.(ji\ ^1 iaS Lfi-o Sd^lj ijlc y*** aJ j^J f<jjLxJI SjLoJI {y> ^jSt jjij <t iU< 
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j UI \ a Jj-^ 5 j m"t\ n ol^ ■% o II <Lii (5j-j c£^-" '^-8 J^ '"II ^ <-LLa-aJI ^jj^H 

4j\ ill 6JuA ^j| d)LL& L1j| j .4_uj_lAjI ^j t\ j uli ^jjjjLo C.*' 't n t jj£l \ fl ninU^ 4_»jLk 

^1S1 4 niljflrt <jl^ Lo^k: c^ljJI jJLjJJ 5 jjVC II Ci^LjiLlJ Ij^ j^-° £«A>*j cr* 
<t£Xo iUiHI cjjII IjLoJ ^jU .4 U V» l^jt^j <j* t %ill ^i «uaIjIa V <jl5j (j^ ^Ll5 
Lo ^inl'iall c*5jJI ^ ^jtj-ual ^Ul Jj^lll IdA I4J jjK laLJj SJjVI ^Li-aJI ^ 

dlicu Vj .AjUtll jUJjVI <J>tj djuLa. JTjl^ y^ £7^ ^" in ^ 6 ^* V^" 6J ^ 

«H in/tVI 4 K ,n o <jiVI 4 K mi o ^U-olJI J-4-al - «ft^ II Cj^K m a II 6J-A 

JJja. 6 j lU^k - Sj_LiS ^jn ul \ c\ C»lJ ,^JJ Aj-^J <6JjJlLoJ| ui U 5 II d»l<tj*\j 4 K 1 m, n 

Jj-O A-JjJ^lJLi |jj 4_ilj lld^t SjLsk. 4J-2b.J-0-i J-0 (jJpJl (jl 1 J 1 1 fl «J^Jp L-J j' "^ j Jl (jLfi 

<j| .Ij-a. 4-ajdi LaJjlj ^ySJI i*l I" C.\*\ m il^ioJ t^-Aj <ajU» II j\ ^ fl "i^U ^jVI 

.inflation (£UuVI) p 4 ,A\\ ^> ^j^ ^ l^^ iL^JI <jjkl!l 

j-JJLaj «Ij^.» 4-dK J-oJLJ-ujI (c^jlj *^J^ «Id^.» 4-aK J o*" ml V ^jfJJI (jVI (^y^- 

V .p-j^aJI icj-tu ^ tr^l J^J^ 11 ^ laa-aj („f-^^ Lj-^j *c5-b^' o-° J- 3 ' j^ J^ 

<L±jjUo ijjjLj^oJ 4j-^-J ^-i Ifij <All 4X.j-juj (j-a /Jc-I 4X.J-uij ujAJ *{j^* (J-* (3^* 

^ iik.1 pLuki JwLiJLa «LjV ^superluminal ^j^aJI j^i aJLjIM ^j^La ^ 

Ct\Jbjjj\\ \ nJI j-ij /e.1 ,Aall tjjjj j^£. CjIjLui| j' <nV» _^ jhVi V ^ja^j 'a_^«j^jJI 
t( Lo SjSil (JjSj-« jj^ a Jj^- Jl?^ 4 '(! >tn (J^ 'W-* ^J-*-*^ ?L^^" 4-ajj 4jr>^ iA"ill 

35 

.JjLflJI Ijjj aj .4AaC p-Jj JJLj itjli 1 Jl^^io Jjuuiiu _ <UJ[ Jjh'i mi _ P^^-ti <-aj 
j-Aj t lJji .Ali (j-o ji^L» jJLjlJI ^a. ^lij tdJa Jjlj i^li 10 J^ ^ii m 
^1 ^1 (iiA.V 4jjIj 10 (JS 4jIc ^l^ Lo t \t iA ^j- J^ a^i *jj£ J^udljj 

.2.718... *jj5 J-*^ (* > ^ II lt® * J ^ «i i* iAll ^ jjll» S^>Ujlj ( _ r ltl (17) 
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s * -32 ^ 

a 'N *% II ^jl ^j^ajl 4 VI -J-^S (j? J iiii gJIn CjIj OJ *\ 1 Jg> >o a j IJJfc 4 j It t j I nj 9 j^-S 
7.2 ,-JI LlL-ojJ <■ 4* uaJI Jj-o J-^-J f *> ^ " S^$ ul **^L$ j"* ft j"*** '" >>* ic-"^-*/^' 

< , al i i Al ii^Lij (a^juu 7.4 ( _J| LijbA.Lj ^?j\ J <j j 4 * iA a ^ ^ II j-aSj .j'* ^j" 1 * m 
<l>Lo 220 ^1 J-i-skj <uiU io1 1 LjjjJ uj^f Lo^i^-j lj^nj"\ lu 20 ^J UJLojj 

\ \% >A 50 jLa. /c-fij <I^Lojlj*S 4852 I f. J .n^\ 1 4* iA 20 rr i i^j LojJLcj 

i^^ i^is 5 xx10" 34 ^l LLloj ji (jj$i <$1) i^j-c^ iUu 5480 ^l J^*j 

a' 

X»j-a_»j ■Sj'N a II pl^laJ (— 1| C£4jf Uj""* V ^ Uj" ^ f * lAfti l'» aIjA <jlj -(«-W ,>£^ 
SjUjLSfc. dari ,Aa <1oj LLoL5 JJUj .lOCdl gTOUp jjU n II <£ja?^ a II ^ J-t^J l$J-o 
'f ^ ^" || ^-jLft_i ^A* \ /c-flj <10 AjJ-3 (J-flULJ J-& ^-3 fc I jS**z\ A m ^ II tjjSj 

.<ji!5 10" 32 jik &U. ,lL JSU ,J5La ^ II» .io 10oaooaooaoo ° d ,S> 

t - * r' J „ ■" 

<GL»jJa <Loj ^jl (J2l djjj-cai («jlij f-^J} ((jjuLul L^J^Ijli s*->ljLak.j JL&juLluU Aja ^"" 

A (j S *i f6jL& j h 'l II <t () -% J (J-^J «j J "'l ml CjIdJ^J Jl Ali mJ ^_A fjjS h ~\ I I J-juO-fll 

JM(]"* ..iVI Sj-a ^Li <<fjli 10 6-«>JLj jIajj La^ <Vjl ,j3<j<-\ jjJt. fJ> «A" II 

<G| ^^ir. <Ui jifl t^j+Lja C^jJI J-*-^- ^J*, 1 ^ ''^ 'OljJ^uj oMj ^j-fl 4_ljIj ^jjjl a 

s. i 

^iVI <K m o ^1 .Ajhtll jL^iJ^I rJ s >AJ o^ JLo Lk msjJI Jij - *j< ^ij 

^i l,la. *J^J^ oliLi^j-a (jaJU ^ I {j <An^ J n Jua ^yjJI (JaLilll ^wj a^ ^jV ^IjI^ a 

CjjIS <pj (A II <£,juluj ^^k^fl Lf J[ LaIj^.1 ^ Jj-t-^JI U^ ^ *^ ' * 'J ^ } ^L»^' ^^* 
Jj^Li Ct5j Lff^ a^J <<j A 1 1 ^j-a I (j <ov,» <fljLJI ^ Ij^. ijjj-5 iSjit^JI ^ 
^S^aJI ^JUJI LIaJLc J^ ^l^ '^^^ ^J-^VU -<^j^^^ LaIj^I JLuojL ^ a mi 
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<4^ fl i JJU ^jjtiLal Jl U 'i ft 1 J * -^ " ft II rr U mi.II ~ * <^j I n L o LoLsu <AJiljjaVl ^jjjjJblLII 

^ Sjjja.^-o i ? iU^II cJ-uU cUl£ jJ ^"^ <gV <JjK /1 ?jiU3ll <LuLaJ <JLuu-oj 
u-° o^J <fJL*-ll u-° 1 "fl^'m ^ -l^^fl l^^-lj <jVI I4J-0 ^j^ ^ o^ <<jlajJI 

i t i -^ j <JoJLi ^>>^l «p a iA~ II J-j-i cu^SJ* », m i h i II cjLajL^I <jl o^-^* ls* 'C ^ "*** 

JV iVI .tilJj J£ ^j-a J j 't 1 A J^. pja (SJ-"* L>*~ - 6 1>J (j' I * 111 M V^ *-*J - a Lh 

.JjJILujjoJI ^i 4lft ^ifj-a dlu-Aj <l lAjl A-k-coj 



<J «.m I .Aji LljjJ S^A 1 Al II Ijj >.ft j< -.^ <j^.jjLutJ\ 4JT ,,mll 0JI3 Lo 
a ^ 1 Ai *> H 6j£Li IjJS ^j-o Jjl ^li ^^j^Lj 1 jljlj a ^ 1 Al II 4-iij^ IjL&J rSjjj^. 
dJaj W. de Sitter (1934-1872) Jl^ ^j ^Uj £diT*J £-iL*A* i^UJI 
Jl .^ <A" ia^u <jl Xi iU *iiLL p^LLII ^ '4 <^l 4>d ^j -1917 ^Lc 

^a ^LLII pl ukiJI jt (jbi VI «-i^jj <JLa> J^ lt^ 'arbitrary ?U<Vi Ij£i ^a 
inflation aa JalJI JLx ^o ..n <J1^j *^1a* *}UJI <j! j^jinii .UlUo p^^-A V 
<aL aJUJI ^ jlii jl ^jfc «A^ualll Jia. jji^"I Ij^. <jjI-ij £aj>Io 5-ojj .field 

Lul j3 ^"« <dli jjlj <ljt m,^_> .false vacuum UjIj p!^U. I^ m^ m" Lh^-ojj 

J^aJLj UaJ^ 12 j J pMkJI jfilf iIUJI elit ^1 -tjJ^JI Ll^J^J S>kj-JI \\\t<*\ 

pljVtj »» p^UJI ^jj-aJ !iLS ^1 .0 <ilkJjj true vacuum ^1*1^ p!1^ ^1 

.jUh^n U (jKI <lll Ij^lj I n mi 
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j t iiij a U II rcjjLj ^jl jojjj .pjLkJI ^A LlCj-i-o^o (j^Sa LojJLc r"JjJ' & ^* (J"^* i 
ir&J <A >JJ ^/e-^» ^'^JLi :<Li_a_Al J-5T pLj-jluV <j-ujIjj CtVLa-o *-i hijj (J^^-H LT^ 

<ulaJ <_lS-lLsJI itt^JJL «LILlIaJI oLj >- >JajJI p^j-^Ij (j^J-A^ L*^^- <j! <j£-a-aJI 
■ ■innCi ^5j .JjMLVI ijlc Sjj^^-o jj£ plaJul «LujIjJ A^jlr of»jj ^JjAi <jJL*JI 

** ** f'* 1 

. (18) <illL. 

pMaJI d^-j-ol (3-a A -> *tj <-i-i^ :j-A «Gj^JIjlo l m I f, i_i%j ^jJI JIj-coJI (j\ 

positive <aJ a jV< <jl^JjJI iujLLJI ^ ^jj» ^ ijJSfl ^j-^ f ^ '^" ^5Lt 
IjJ <c jjl]l jJ!uj^ jljjl <*}UJ jJj3 jIj^I UK «d J^iL <>^ <VJ «feedback 
oVaLs-o jjlp <dlli jjlj .Jjj3 o^il ijKII tSUJI ol^ <**LL *5LkJI dl'nl lali 

Jj-*-A (jLfl IjJ «L^j^j LT*"^ i5UoJI £-* JjI^Ij U^"" t™^^* J tAjL- ° 0' O^- ^^ 

<1Lvi oI^jjlhi cA -o^j-ii t -0 ex P° nen ' t iaiiy i^-^ o^l^JI ^y^ 'jJ <fJL*JI 

.(9-8 J^iJI) 

6jLJI * i a-s (jl A -\ u J II CulSj Jjal a -s t <Vt II j n" ml JlU . a ^ t A" II cJLiaV iLijia 
1 <ntlu lift ^l^ LlJj <LJLf^- LaJLc (jfilai - <j9 i^ill ^J <jCj-cuj Ijd^al fli mi^Ij 
(jSJ .q\ s iit\\\ L_jJbLi£. _JI laa^ia eJtAJj A a -s lAlll <L^.Jj^oJ JJi «" ml iii < 4 * j ^ " ' ' 
^^ tJJjj <4j-Jj mi " tll>^' J^'J' CT^ ^ J 1 ^ ?■ <J-° SL^aJI ^1 jLc a A <A"ill Ajfl 4 o 



■jlkJI r aUl 
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cxij jj_. <£ oJ> ,A"11 fJLaJI .9-8 Ji-iJI 

4 nil i fl rt 1xj f^kJLaJl J^ () "t ih) (jj> j- ■* a 



6ji»S 



\is ji ,<isu 



j jJjjJL 



JdiLuai (j^/l <j-aj -SyL5 10 32 Jju <IjL^ 

.4-8 JC.iJI ^ <£oJI qUjmj1m.hH 




6*^1 



A. Starobinsky j£ u^IjjjLLlu n^jjl J^a" ...I L>a^ J 979 ^U ^^L^j-^JI 

^V1 J&i <Ia^\ A oUVjJI ^i UI .1965 fU E. Gliner ^Idi cJLiJi jJ* 
ej^j-ft-ll jjx, 4 \ nnU\» ftll i_JLHI oIjl^j ^v>* ^ K t ti n (jjjjJj A. Guth i^ 

.1991 

j^g^l* <4fj -■ ilUJI (ji jIaj ^aj <phase transition «j^LJI JLSisI» Jla io^ 

«Gjjja. 4-^.jJ J i^Vt ^jl ^jS^ajj fJ^AJJ (^j^SJl a -^ <*Vi JjLi^j .ljjl-% yr t ""V' **-*J' 

Jjj -s Ti <dlJj £-aj <dlJj (^C «LoLL^i» JJL V J,\ n "t H j «LajjJlS J I U o H j,j-ne» 11 ^J 
^ ^ j -rf 

.£3UJI <> MiU Ijj5 J^j ^gjK p^LL ^1 uiSlj^l *}UJ jI^Jj Lojic ikaJ 

la-yujj jJhj <JjLuj pLo <jL£j L_fijljJI P^LiJI ^jJ jii f JLHjVI Ij-A ^>-4j-4-aaJj 
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JJL*> iSUa J^ UlUo fljftjft^ P^Lk «-i-ua-J SL*J jL$jj <ijli <-^J^ J S^ <£^ 

IJjlj /d Ua'tll 5jJ^ ^j-o l*J-»J .A ^ nVtll Li^JLoj <(jJP^' ^j'j^- < ^J* 1 *-*^Uj V ^ nVi 11 
.<jjj jiSl <jbjlaj aJIaJI «-ujjjjij <J^a*JL AjJaaJI jL^ijVI 

j^ <5LLJ| j^Ual ^1 ^ AJjiJI ^Jj-a^JI <^-I^j (^Jl < K iii a 11 j .Sda. ji^I £J>aj 

«U iiiJ-^. (j^dJl JjJt-nJLj j 1 1 1" ^jAI QJ<S itt ft Oj^J ilij .a -s i <Vi II j i^T <-iLg-i 
^jl (ji-aj *j^ J q II 4 K m o _J < ( jjSJLfl < Jl \ n 11 (J-XJ m ^^J-C-J 'o d" 1 " f*"* a ^ i A*i ll 

K' 

.Q^K ntftll &iA J^sJ «Sjjd^JI» a-^ tATiH 

^Ul fChaotic inflation ^^-il^tJl *\ nVill ^a S^IjJI oUjjjLl mil d^.1 

il-o (^jjl^-'j j-* <Jj-*-a-ilJL 6jjJU ^j f 1982 a.Lc A. Linde jJLJ <jjJj1 <Loji 

<JJj j^ Vjjj '3^^" ^j'^ 2 ^ a^ <A"ll JlaJ j^ JLSIjI < r ilUj V [Ia .caSjJI dJj 

^ # ^ ^ ^> 

jli Ijlj <a^ nVill Ji^J arbitrary jj rt <^" j n j^* J s>^J^' lt'I cP' ' j ^ ^^ o\* 

P-iauLj JiaJl jLc f<,i ml inll CjijJI (jij .a^ <A"II iida. fitfll^ <^J^J Ijj;^ JiaJI 

.iialaJ JjL^j ^1 a^ i^'ll J t ^j U^ilr-j ^ijQ^ 11 fr^UJJ i5ilj-Jl <JUJI ^1 

^j^>-aJI 5l ft m rt II *<jL4jJI 6J-A ^J Jj-J-o^U <JL5l j-aJI 6 jl j ^. II i^jJ f' LLjjIj 

jliiil ^j^ai ^i ^ Lo-o jjj^j ^j! ajL-^iJI j^ac £y* fgraceful exit ■ ajUlll 
ci^JLJI Ajki II jl^i:VI ^c J^l^tinV (^iii ^j^» 5fJLc i^UI Sjl^aJl ^ _ 

K' 

jOjj jjj! n mi II Ij-A ^ jjjZ ^Jli\ iiUiiJI CjLJ5j ^Ij liA .*Ui ajVi JIj^Lo 45III 
^J ^ K 11 ^La-iiil ^gS ii-iiUl oLiijJI Luajlj «C-l^-aJI ^J>i j i ii 4" I ±a. iaj^La 
<jJjLdJI cJljLa a ^ t Am II Ol^JaJ Jjl (j-o ^C-jJI ^y-l^J .6 J i^j (^J-^ CS»*^' ., **^^ " 
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Ul^iU k>U Jki tfUI ^1 ^a liA ^ .^LdJ ^J^UI J^klll 

aA «A*tll <jj^-» IaIIc ^^La. JJLajJI J_ual^j 4jUVill ujjojuI 6JlAj <JutJ I () n^ ini 
f*^ JJ>? JJ^ f^~* <J^ilJI lj^-aaJI fj& ol 6^-^J '^^'j^ ^ *-">* ^ 
^ J^>lj (SJ-"* fJLaJI liA oj^ V ^5j <(S^^' JV3VI j-A <£jULj <liA .^Jd^. 

uj^j^ (ji o^^ uA" ''-bf^- uj j <t>=^ LLlJj •c^^-' fJ'j^ ch* c > '^^- ^ i^- 
Z^* ^j *(!L^lj o^ ub) jM- 6 ^ C^ ^>* <( !La ^L> 6^ ub) f*- ^ 
^U <(L*jL> 6^ ub) f*-* j^- l^Lh 6 H 1 ^ ST* J '( ! ^b ^^ ^b) p4-° j^- 

71 0-8 J*? ittll) CiLij-Jj^l jj-o ^^aj V Lajjlc. f^ jjl L^J S^a-iii Jfi^" uj^ 

.&dxi\ JL^JI 4SjjLi J ^> 
(.1 1 m 11 La :^_A LaAJobl . I o ^ j II CjUiUJ^l ^j-a LU Jl_> 2 ^1 j i iS ^Ijj^.1 ^jVI^-juj <Lo_i 

^i LLJLc (( jSfl dJj (^Jl t L iA\ fj\ u^aj c?^' 'IIaJLc- < i^K^j) jJLaJI ^1 ^ 
^^15 jLIIjlJI ^1 ^ i„it m II jjju ^.Vl :^>a ^IjJIj S^ljlll 6jjjlj (jjjCUJI jJIaJI 
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■^■"t Sdjjja. p-Hj-*J f^Ji u^J^-* '^HKJH-" a-HjJJ 4>^-aj </>^ nVtll frjLeJ j^.1 ^ .10-8 JjSLuJI 



SjVjJ «UiiiaJI <k^JJI Jjt" ((jj^Jt (j-ll S^klll 6JJJ .JJj Jjli UjJU. tjt jiAJ LaJla LaLoJ <ljj-fl 

g s * t " ~ & 9 

<>> jjiJi ^4-0 ^i£ LoJLt jjVI t>L5J uji* o5 LlJV <Ij^ ^oj (j-oj jjJJ {^L**-" u-* i^JI pUiJJI 
<iL!jj _ ^/t mil (j-a oLijjJj^ij olJjjiL^j Ja5 oj£» &Jj^' pJl*JI d>lj fi*J1 £-* *pJI^*JI ^JVI oli* 
t 52 u^ M : J0^' 6*- j * <aa1< <*j*VI ^ .additive Lx^ c£>*^' f-H**-" *^-* <j^ u^' u^ '^l 

- >• ■* s 

LAjjjJU 1 1 *'< I <JaU.*xJI <jjJu tj-A w a" ,-,." ^j^.VI aJI^aJI ^L» JjajJI {JLajA\ £ja& <(5jA.VI Jj-o IaLl^J 

.^T ^JUJ ^Kll 6 l£oJ| J* l4*.jj3 

.La ^li* ^ 5jI lAftll SjLJI ^ c*l>^-ft j^j >* c*VLaa^.VI ^^.1 Santimatter 

oVLa~o u-fljJtj £jC f-LilLoVI ,-Jl LAJj-A (J^uJ 6jl <Airt SjLo (Jl ^J aJ L^l 4JLijLa.j 

4jJ^f ^ - Uf^JJ ^'" ^'J 1 ^ ' * » ' * (j£ J > A " <j-u pIjAaJI jjlS LJ <<LJLJLa 11 /c-^J 

OlJ-a^O ^j ^ T* O jL ^' ^*'J^J* *^-* 5jL»l ^j- 6 ' -^ > *^ f' L\ ml 5-*JJ *-i^JJ ^jl '_*^ *g 

^J J^.J Ijl <3^' 6jl-Lt-Jj ,6jl i^ ftll 6jLaJI ^j- 6 ^^-J-* L^- 6 J-*^ 6jLo «lijbLa. ^ J * 
1 a 'i o <J£ oJ^ £y ^i ^-* <5jl iA ftll SjLoJIj SjLaJI ^j- ^jLjl. mi" n tjlj^i <jljjJl 

,<iiLJ| ^ .pliWI (> p^UI f^LsL^yi cj^^i V| (^ LJ3 ^>kVI cuil 
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^jioj *_L*£ .ijljjjl ^ antiparticles SaL-k-JI cjlnj..^ II ^^k. c*lnj m^ll i,4j$U 

A. Sakharov ^Jj^LkUu <jj.Ltf ^-^^^Jl 3 &\«\\ 3 ^Lj>aiJI J-u^p jU 

■1« inti" I U\ Ji j21L> ^ <^1 '1965 r lt i^VI j^ljill Jl (1998-1921) 

,xS (}15-a foLjpj>JI) cjIjjjj^JI ^1 b 'n oi «hadrons oLij^j^' JJA ^^" 
J&z j,1 jjh ^IHI Lj^iJI . (19) (}Ha oUjPjJ^j) leptons oLijlJ ^l Jj^. v» 
v iUil ^ Jj: c) <^t^1 uv charge conjugate parity (cp) <1* ,t,ll «^0 
J^aUI jik:l fparity <u^3-l' cr^ J^ P ^ <charge conjugation <ia> «f, 11 
:<j3lpJI (^jUaJ u Kj p1ia4 <5>?-j 6^ y>j dila^-Vl J jj* dJUII Ja^iUl .(6 
JiLL frozen in d^ii ^1 u^j <L> <fh^ I ^i £a^ lal <6jLh-" lt* J^ J^-° 



(GUT's) grand-unified <^j^JI SjJLj_JI oLjJiiJI ji o^ 1 

oUjjdfJI ^ <X>^' lt^ (^ J '^^11 ^ Uli^ui. ^iJI) i^IpiVI theories 

ji j-kLllJI Jl$ V*l aJ^i d) <jV*) <-JL*-ll Sjl^^JI CjL^jU c5 -ii <ldJ <oLjpiiJlj 

j"^* " »j — \j** * r' * '""*" (j' Ch-JJ^J^ U ^jS a \ M C>' a * m*s. 11 4j^* IjJJ n" iN\ 1 1 
(jj^^l £_fljj (£p-!l (j-o £p J*^ c^J^. 4jL J^aJlJI liA j^i jj& 4" 1 1 Ljj^-ajj 
.4-»^jLjljJ1 OMJjJ-»J' JlJn h «I _ S p (j>l£ - CjVj)^"1I 6J-A H nijILij .Ujj-d ft i <«^ij' 
<j£. j, t.t.^jl -^ijJLJ 2 U_lLi <JJU «LL-uJj ^j-lS 6«JLa.jJ-A 4-*jJcla P'j-us* aJUL gt "MJ 
<JjL » 11 oL\j3jjJl U JI *% /g ft <M?) /c4-A 'il <(^pll 4 Lol "\ II CjI A 1 ni^ 11 6jl_A CiL-J-oLk 

(jj^j-a jjj-j JI flTi^l 3 -s 1j X LjjOjj 6^ «-Lh 1 ^ *-^^ a ^h l -^ 9 au 9 e bosons 

0? ? 

Ij1%"> IjLiAa l^jIjSj Ujjjjjj^ C. nri '' Jj^^ Q i<V^1 /J 1 - 'j^l^ Ujfij! '"^ *<J>~J 
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J ^ ~ u=u Jl ^ftj <X oij>*J jLa-JI a j .11^ II <jLi <J!lJLj .antidoun quark 
Ij^j .down quark Ij^i l^jlj^j <(<^>lijjJ IjL-&* l^m?) UjlP^I c w I 

't ^ 

jj-6 d tjl lu-j * jijiki <La_i (jLs jJ <> ** ^ <SjI «A n H SjLoJIj SjLaJI <j-^ J J* ^ 

(£jJl (jlS^aJI jJb iJJfcj .«LljjJI j^i X oUjj^JJ AJI irinll CjI ^J m^ llj X CjLjj^jjJI 

u' 

La!» Jl ^ ** * n j 'cj-«>ll o^c- ^5-i ^jaj5UI jL*^-^f ^^^-^ CP dLfljl <jt LJj 

tjU^j <jt <jSfl oSIajj .<i^i^ A \xl^ I I ^i ^j^ aS ^A\ ^ \1a o^ljlJI ^ 
< jj$ ,..> ... Lo! .o^l ^ o3l>AUI ll^J oLi| jjfc Ij\ ,A Jl SjLJI j^J^ SjLJI 

^-jIaj (5jJI j-A 6Ja.j LxaJLc (j\^ Lo-*JJ •^JL**-' j^- J' J ^oi *OJ'J^° jH*fi- aJIjuI 

iiULL S^£i J^l SjL*J <iiL5 frl <A4ll a^jj IjLJ :^ <\*\~A <Jf .m n II 
^Jia. ^jj^Ltu 0$ .string theory jIjjVI <-*j!^ ^ jj>JL» ola-» J-ai^-o j> mil] 

LAJ^^J ^jJI ijLjj^u ia^jJ fil \Vl niL (jLjjVI <JJ-^J U-C- J r^ftll IjJfc ^ jSfl 
<-6J jjl Jjj .Jj< t Ja. ^1 <J-Latj CjJIjLo ii^^^lalll £$ dJjj t j J r nl ^ ^ LftLjJjj] 
(j-o |j^ Aj<;oll J^-lj-JL iLkJI iliij jljjVI <JJ-^J (jl (jlt oWlll c>OJLJ 
^Ja.1 jIjjVI ^j>laJ CajI^ lj| JLaJI <ji£- (jj^f O^ u^ * La IdAj - tjj^" P J 1V1 

I jl -> a ll ^ii jJ a>^-ll (^ < h-> I ^j! 5U - SaLaJI ^ ?j ml mVI oLj h ; II 
<^jj ^ * n Jl (j-a ^1 j <A i J I jl -s i \l ^1 : jLjj^ I jl -> i jI o-jL$ 1 j^ <CjI flj mi^ 1 
^li <a1 LjIj <Mlai .^.^iJI j^o cJ-f 2 ^ j 1 ^»' c> ^^ spaghetti (^"rL ,,.11) 

<j] f^AJU liA ^jV (LoLaj l^j^ i^> (_^aJ Ij-A .&J-tiJI (j-uLflJ _ ^Ial,M II jLfJU $ JaJ5 

LijLjj^iJIj Sajj-iiJIj LijjLaJLll ^>Lll ^U <jjjj o^Ij oLLu^aJI caj>=J 1^1 
^jVI JSjJI ^ ^1 <lj^ j^/JI ij^UI ^ UjjjLLo ^ LLo3 JjUali V iiix-iAJI 
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M <>jm\ Ci 



«J12JI 



<j_o Laj1>UI a_a <£j" ui ft 4-aji ^ <_jjL5Ij 4 j ml .„Vl ^^Ul (jl 6 J i^iflll ^ LjjIj .1 1 -8 J^mH 
O^jVI *U^J J^JJJ Ujit a fl"t^j lJI^jVI llA (^1 J^J -l^ jfj.* ■ *">* CjLSjI ^ CSJ^I 



^Ikl^JI I ja o^i 'jl^jVI Lji^ jlkl Uiic <Gl j^ (8-1 1 J£-£JI) diiL <1%J 

.LfljjVj ilLaJ ^ <j>jI 1 1 n n t^ilSJI (£j£l\ dt cO^* ^^^J <JjU^ cJuAkJI 
(^£L <j] £jl23 L^l jj-A jtjVI <f^tlJ <AjI^>JI CjIaUI <5^[ tjt Uj!j aU 

^j a* II jj-c jbjVI j-^ ^^ <Calabi-Yau jL _ ^VLi *Luki ^-s Sj^j-o 

Laj^L J-^JH U-*W J^J^' J^-^' \Yrt aj .oULt-aiJI 6J-A ^ ^LajVI SjjjlIaJI 

pI i" II t \\cj .J.j^I i n II j^UI * m^s anti-strings SjLa-JI jLjjVI ^tj <IajJj 

<jL* JULjI S j Mlf (j£j frl uaJ J-*J ifl" ImN A \ IjJ f^jlj'lfl t l A ^ *»Lfl <Jl tS*i A S*3J >S*3 
1* «« J ^ ' 

Uj^ a ^SLJL^ jjj J-a-% 1 a ,11 a LoLu fjl m n 't VI ^ pLAiJI ^-Iaj jbjVI (jLs *L^^i 

di m Ji_a <JiJI Oj^J fLiAi ^ii .JjljI iL^La. ^^ ^jVI 4 -> I ^ » clh 3 ^ 

fSjLiA-JI SjLJI ^ L^-jjjh'i j^-a <(^j-^l ikJLij iku ^U *abacus jIj-LJI 

(jiiijj ^jJj^jLaJi-o 1-JJ^J Vl <io^j-ut f^j^k^fl LaAlda.1 /c^-*J Ijlnf LaJaS ^jLllb m 
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^i jjitSJI <o1Jj <> Vjj «JjU: Udlcj .(12-8 JUJI) VUlaJ J^ qmUjM1 

jLlj! <iMi ^ Lr il3 tfjL L^-ii jj^^H (j^-aj (j^-ll SjLAaJI jIjjVIj jIjjVI <y 

j .w»- jU CilS J IJU ^^ .(13-8 JiAJI) LL^iVIj jLillVI <> I j -.<:... 

^l o>^-ll J * "J «^J J-a-llJ oi^JI (5^-VI jIj-jVI d^JS Jl J-iij < U . .. /* " j 

.oS^JI Jl^^ ^jjt a ° jLs^I 4j-j-u I^jIj fA-^-ojJI ,J[ L -*^ <*uJgJI <gLxj-o 





$*-* L*"* uljj'^»^ n p) n j mi^ .12-8 JiAJI 

J< iSJI) dJ 1 n, ^j u^jj^ lP- 6 - j^Ij 

(^■Ift mil J^-itilU p- lili L 6 J »«Vtn jjlt jJjLL 



jAjj j^j <uLh*j .13-8 J < r ti H 

^ \^ da-JI (jf^jlj *>i-VI LaA^i^t ij-^J 
j A!LLj ^Lfl IjJ f5jj.at.-N. -a jj-f-S < J i i " " II 

jUjVI Oj^i jLsL-il ii^LS ^ j— U j ...\jj 
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\\\\W m* Jjl.rJ < r. 9 .J\Vi "»flJI <>& I^La* <^ i^il <\ .11 <3*. uU j j =* H 1 't I UI oU 

.41 V a <Gl a-£.j_» (^JlIi Lu i Al t\ lJjLJlj ^j-o ^-^ J* nVj^Lj <3o*o j-fc£ 4j| joj'i Soli 
.$£^aJJ ^jMfl ft U£ <jl ilj>U ^\Y\ mfij <y i^jjfLrt LjajJ (jl ^^ f^Lt fl-AaJ <-aJ 
Jglt m» £j\^j <jJ aj (J-*3 <m* ° U^T (JJ^ (J' Luoj^- i -5iUaj| 4jaJfij jLLLLuj 
6«1a <jl jJb-> .Jj^fl /J| S.\ a\ mi 4 .uiuSa <jl aj «LJLafc. <GLs j-aC ^jjSJli :/^JU5j ih n 

>£j\\ mil <j-a Cju^jLkjj 4jLjloj Jaj 

k' ^ w' 

J^claJLujI J-»La (jt ^^IJI l'tjlcj .(Jl^-11 (^-fl Sjjt t ^aLU <J jjV ^A^Jjft ujJ^JI 

iLju <1j^U 4-<uj .olj% oli ^ jjuJI <jjj*"J Cepheid £>jl Li II Sj^il-JI AjVtll 

^jjjN'ij .Pjitfi II 6 J ml <JjljJL-o (_>"Lj^ 6Jl^j^ Uoltll ^j- (3^^ jAJ-tu-O Jl fit* ml j^Jfc 
Jj-o <jjj^ <4JjS {*>** v$Aj - (j^ > M c\>2 ajJL <j^»" '9 -U-aJul t^ -0 (3^1-^' J*-^ m ft.1l 

cbinary system ^Ui A Lbui ^ vt*^ - u^j^l * > ^ j> «<'i<1 < u m a tt.JI ?li< 

j 1**J 1 ft J 9 lj-2k 4 nir*'\\ o 13 U o 'l II (^ 4-IjLLII CjI j 1 1 m ft II (jLfl < L ^'- UJ ^^J 

IU-o A^Li <<^jl Sj^ll S^jjuLaJI A^ajJI ^ JUJI >* La^ «tfjLi IjJ .L^_jiliL» 

JijJUaJ 6 J j i^ijaII Lfjlilj^ JLojLLmjI lUSuuj (Pj^usJI 6 J ml «LjLaXx> (jJjL^ Cjlj^.J 
^ IjJ^ # U m1 3^^' J*"t mi.oII (jl ^j-fl ^ I ^ "" (SJ^ SJjU dLlAj .LjlA LajLajI 

.Lio j±£*j ^^1 pIj-^I ^ujIjJ -j-fl I^JLojlLloI tjioa lil <<^jlij.al) aj^jJI 

Jahili jy» Sjj«.tll <5jLUI oIjaI^uuJI jj-o Ijjx. q\ 1998 aU. uiuiu^l jij 

IJLa <jl^ IjI J\ A j UI r» o ^>SJI j^.P u^ '4 '- * > j l-^ 6 l*j^» <^fj1 ojI^ la 

<<< ^h J^ (^ CualjLo <JJ^fl (j^^-* (j' ^-UjJ-«i*J *5^*-* 5-^J *"} LT^ ^'^^ J f— u<j3jl 

^jJI jjb jOuJI IJu ^iUJI ^l >li iim (^lll <5ULII ijit ^l pLU jtlo ^ jj ^U 
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£** SJ u^ (S^j «cosmological constant ^jlj * ntj£J\ ^LUI u n ,nj 
^ <^j£JI jL^VI t-fllifb ^iSlijJl < r ^ mil <Ajlj-J ^j *d^~ »"'*/ >* <a.jI3I 

«JJ-A pjllJ <GiL Lojlr. ««GUolaJ* A-t&£.1» aLI lj /i* o ^I^IJWI Ij-A ^l't mnl Jjj 

aJLcLj» <J>j-Sj ^1"* mi'ijiI jlj-5l fj\ ^pi jj^ i "t II SjLcV <jSM <jIaJI Citl a> aIj 
(^t <Jjj i 11 n II d .^ J ; II «JbLLJI jl . j-Jul ki^l «LLJLaJl ^J j_a «oLkl^J* 
dJjj «JjLkUl j)-* J.& jlL* jl <dark energy Lai*_JI <iUJI ^ «»"> ^J ,,."11 

cajLj ^j^j o-» 3-LLlj Lf jJI <-l$ n n II oLa^J *> j m II d^l jl .quintessence 

Oj£JI J^jL^ <jlj *aJu^ ^n-s i *V* j-*-a£- t0J <-j! J-A (Jj*^a ^- ^.jJj-«-uj^ 
(j^jj IjJ-* (JJ) > I o J-*-J ^J-JJj - u <mI *i t\ II Ci-fl^JI (_j-S j r h A CjVjjl-o ^Jj a^jjj iii 
ijljj (j-a^AlLuj <dlJa^ JLaJI (jl^ I3lj -ctlJj >a-J jt <(«j-^j 10 ) <i-ua ^jAiJ^ 

.j I u\ I mi ft II slj-aJlj Lajjj^jJ < a ^ " I n II LjLLJI *-^ <Ljjj&j iLLL-o «J>»J i^LLo 

.Ijj! j^J-o jjA£- Ixa J^J <vj>^ j5 ^>^l 

g „ s 

.5-Lcu (jjj^L 10 <jI^5 jjlj ^i-ljj «L* ^^ ^l it^^"^ u" o m II ^ 4 U M i d 



j-J-C < &4JLJ Lg-£.LflAJI JjLk u'V i ii j fj^J^f! ^j^jH^'l m .LAjIj^o (—k rr \ ml <ULLj 
^l u fl"Vtin (^jVI ol j^* 'LAj^ (^ 6J^=».^JIj 1^ <1i5jJI jjnm M-. JI SjLJI 
JSj .LajjJj 4\.io 50 6Xo <U-JjJ <Sjj3h«i I * j a ** L^JbLaJii Jjut ^(in mil _i Cjj-oJI 

J^a-j 4 j I a r J^Li. <Gl j-A JLclj-^I 4-ajj .^iijj-LlJI ?j I n r ^^J ^jLual *l fl "-| 



ftl* (jt jl iijuiljJI «GLaL^LLil <jj^i^I (jj ^i.J V t^U ^< "l .n *ijT olkLk^ ^ aM^JI jAx. (20) 
AJA yp* ^jSjil (>« ^Vi^o" (JJI <Jj£iJI SjiJI (JMa-ol Mflojl Mfjjjj <<*j!j 1(| <<ifl't OJl^ oliauLaJiJ! 
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^| <J-iS LaX. CjJj-A ^^jJI ^nn i m 11 <Jl5 <j-o u-j^IjiJJ t flj* i^H ^j jl -% J II -'^ JUl 

j jj ,,,- * «* 

(jjk ^1 ^^Jl olj I1a -<jJLiJI U iiftni1l <i£ .J.nt JjLsG <i££ white dwarf 

<L$-J-o j* i^l ^^Jb (^j-aJI a j) ^ "i ,11 ^j- 6 J "^ Q 1 I (| "lj^ Sj-o (_j-S-!lj <{J" fi mi 11 ^j-o > >oS 
, plj^_cu L»j}JLi Jl *4_Uj^J_^iJ LojJ^l Lol <LkjS^l (LmSmI LuoljJ fj ****** "** 

** # * 

J-i-o LiLaa <Sl n^.ll dxfl /c-"^ HH'JH**"* t— *-*lj1-* *% J2i ' Lr*^ (j' O'J^ A " J* J 'n" mi" 



f-Lijj ,6jjja>j_fi <Jj iii i.ll O-aIjLo **■' t-^Jl .V*a ^ If . JJaJ /c^' *^J n u .11 pl a ftl ^ A 11 

I4-J recycle ^^s ^pJI iLijiJl ^^Icj fLijt^L^j f>?^JI uj^ oIj^I^j ^^Ic 

jju <GjL^_j 1| a.j -% j 11 (j3^ J "*><*■ J ioj (jl J ri" ^i o H J^fl «L^jlj^-a t _fl SjLaJI 
( J jj "Xj 6 «LJjJa JJLJ ^1 <j_Ji^j ilLlj J-J-Sj H **■ '" 10 ) 4-J-w (^j-AJLi^J <!La J^^ 
<<jl uli oijJ-i 4 1 "'l inftll S|j_aJ1 * jla "*~ LoJjLt «LlL^^o «LfljJJs <jj^ ua ! itu" 1« <<LLlu 
< JaT i_ft5jjJ LaiftCj .<U-ajfcVI J-il3 LjJl^ (^^.jJjAdLujSJI ^^LiljftrtlU <JJLJ liA t j^J 
Lujii Jjl i*i ft ^-J^- cj- 6 ^Jj-° Qlj^ ^11 (JL?^ (j' t*s>^^ I V**^ ftj <^ fi^'ill (jj^-ll 

Ji^ LfJ .LjL» ^j -> 'i) brown dwarf s j L f» II flj-SVIj ^u^j j H flj-SVI <>* 

j ft" m » ^1 ^jS n ^ II £j-&J .plj^ miJI t^j)*aMl ^j-a j nlATi.fr JM-£ 4x> j) n -s n j «(S^a 80 
tlx* n ftJnj ^jJkjuJt A.lji^fl 6jJb A.JU-0H LoAa£. dUj^ «JuJulu f-**^ A ft^**" ^jj^lJI 

<ld j) "v 'i JjLkji tLoj)^ *> * ^^" ... p-ljj uji i_jjJLJI ^jLa <*I1i*\^ *j-«l LaI3-^1 tjtjSjJ 

f 4 a -> ,i,A 11 P-IJj mi II t^jj) 'a \ 11 £jj|j IjlA .L^oj^j O a ^ " II jJ (J^Sjljuj "'Ij^ aJI ^53 j-a 
cllLa^ujI Jla «^JLaJI ^ Jj^"" Ji< <?ji nifl mi itS (jJf^L* 1 (^A <JJ>5 1 (j 1"^ ^^jjl 
jj) n*%C ^J ol j ^, a II (*j~a Oj"! t" LT^' Sj p '*s*H *Uj » *\ ftJI aj^jJI 4 o^*tlft «^ojJJl 

* i* -* J' ** ^ ^t J' w» 
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J 1 . 



JjLuj luminosity ^^JLi <J u Aj Jl ^IjJVI J^K ^ *Al ^ aji's'j *j>Sj <$jJI 

,ia\j 400 CcltaliAi l La.L-ua-o 



^All «Hawking radiationh £&ja t^*^ ub '^ -^j** ^Ijj^JI ^^^iUI 
tj^-aj «1974 aLc S. Hawking *-1£j-a ^j" m ^a.^Jj_«^uj^J1 6Jj^>jj Lj-±j 
(dJaj ^^jG U LLLuj Li^£. ^Sj) Vacuum *MLJ1 i^llJI ^ill ^k <ui jj<fill 

" ' * * " -* * 

J-sjj «JJijI (JA.|J (Jj^ ^ MiQ*t a J iii^ J-^j d3 jSdlc tPf-Jlt Ifl J a Ci I J J (jl (J^ft * 



<£-£>* ^U^,l <jj&1 t^l -14-8 jiAJi 

<Schwartzchild * Ll -Q"*j -- >U . a .^'. <J 

<JiVl JAb jl ,A n II ^ j „i^ II ^a.,>j jifl 
Ij-Aj -J-fiVI ^jL^ 6 J ^ " j J-* p j " ■ ■> l lj 

^ ... ? 1I ^U-iV Sjjnnll C.I n n. II ^U-^VI 
*_a lj inSr j j mi! *i"i n Sjlj^a» <a.j4-> (Jj^luVI 

.j^iVI J5JI <J^ 
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<«-tfl*ll <liaJ-o ^ I^fAJ <2Ua Jft^J Ciiil ($JJI ju <ii^ II ^1 .>a.2l Ca I $ J J > i iii^ 

4lfc£ Jj-cul ^aS5 JLa. ^j «K*U. j^ iiiojiJI AjJb . AiVn - JlUI <JjS ^U 111 

Lfljj-o <jj£]| J^i*f <<ijuj 10 pl-Aj ^ tf\f\ ±XJ <G| ctllj <j-a (j^alaJl im"» Jj| I Vi^ nj 

f U ml 't ri H O-fl^JI /fi-^JJ *^^JlH~*Jl9"^ OLjjij" ^ lj,J <f* m uaLU *\>fl-^ g' l t ,itil <j-o 

^ " ji ^ ^ * $ 

^La_ii»| «-L-uajJ Ajhn II jLa^jLiVI jJ-^-J Jia3 La£ LoLaj <JJ-ajJL fjj^ jlj *** ml 

.^jjllJ <i>JI (^jjieJI jj^UII 

V "^J* O ™50^p J^ - *' J^ ^° duli L ■" ****" ^uLaJ^JI jj;j-uj .. i i j (jjj .Li^jtl 

J *• ^ 1 o •" 

<aJjJI <jl^ <jl^jJI Lf ^ .LjjIjjJ iijLL-a O i ii j I I \"\%\ $ \ <j£J .^l^ (^Ul ljj^a>jj 
La^jLsuuj Jj<" ■■■ IU llK JLa. tLAi <-aj <<-il|pll ^^ <JjULoJLjj .J)IUnll aOjJI 
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9 J^iJI 







(j"^ %l S .La-j^lj cJjjaJI JJJJ <LlIj^. jh*M Lo^llc Sp^-lu £jj| 6J^J J-A ** 

(jLSLoJi ,_3 ^S^'t ^j"v *» .SJjj&Lah. «uLaJ LU a.sLj Lj-mj-a» ^>l jJ-»-» <1 «Ani LLa S^LojJI 

Lo ^jSJ ,r*j1 mftJI q-° '- P' J^ fdlJj *l_g t<G5J <(_£jLo jo£. Lojj - L^. j < ii n 4lj ^.i 
iijJt-oj Lll yr n mij tJj^JJ j() hri ^jLojJI t <Tj II Vinil Jl*iVI j**^ (jLojJI *?JjLoJjJI jM 
dKij (jLojJI i(g^Ji SjUjljj .J i<5" uirtllj ^-dUDLaJI ^jaj jj»".ll ^jljjl *XaJlj j ir>l"t II 

•" "■ -S # ^, ^> 

(_£jJI (j i Al n II J^o 4-MJJ S-\ * "" C£«^' JjJLLlilaJI 3^"*^ (jL»J-ll ftLSl^o-aJI £jld^.VI 
IJLAj <a bVi.o * -tG-J * A-ilj-oJI j-J-C La_o (jlj mi**j J ^jLS-ajlj JjLo^JI .AjjjiM jJjLL» 

j_»lnJI «LujLJ fcr A _ «uLc ^1 i»ljjxVI ^i^ &±a> ^$2 - causality *j;;-" 

£*A^J m villj ^Li <t jSfl I<1a d»JJX Ijj <j! ^^JJt-ftJ :o-«>ll JM=>- i»ljjxSU ^ -> 'i ft II 

^1 Lfl-La 4 fl UI t II ^i\ ij^ U^-^'j (jL°>U CjIjj iii \ "\ II aJ-A Jl-o (^J 

<JaAj (j^o V Jlj ■ ^j MiLU <jIJlJI <klj pl jj mi j" II 6JJb q^*> ^ ^J*J*^ H ifljJLaJI 

facebook. com/ketabme 



(jLojJj <jJLaJI Lilijijj jjJaj (jLfl <J <^i4ll Ijjb LF 1 ^j-j_jlu La^j 'f^L*^ jfj^ ** rc 

<f\J .mi a A J' * 11 ^jl UfcjLLo y-jJl 4 j im,\\ 11 jKjJI <^_a^J ^j ' ""^"* <j-° * " ll U' ^ ft *'J? 
dJj ^ CT^ C ^ f '^ *->^-* v_flLiitj£l dLujj ^^-Lc a^_j1 ljH,~fc (jjL>f ^1 a lu II <jA* j$ 

.J-ualll liA ^ U Jj.rO ui ^Jl 

Li -l£, *CijiiS aJaJ <<j^-ajVI Ljj^ L>"^ O^ <J ?JJ Lo fiiiLaJl ^j .<jLLL£ij 

a j j ~h j j-i * rt 1 » II g d ** ft II ot ft «■" ^J-^-l 4c !>"*** J -I O *' fl ^O-?-' t^^H J-J <<^Uj 

.SjiJj <JLflJ Sjj^Jl <flwnVI iaJLsca JjL^f V fl*Jlfl :6jLa^I U^-°J L^ £>*k]l 

f*j-ll «LfcoLa^jj <CjI h^^L&JI (j-0 <£jo^ o jJfc *(j-*^ <^V 1 'i ^ fl fl r-1 j fl o <j[ 

* - - * m'* 

.Li±xLo lfl->ft m'i jj\ 4"i 11 ,—fl <Ut^-|Jus <Sjjiaj <pl hiIiJ 1 g j f\ m*\ ^--JlJI <l (j J f> ^ [p S II 

^j <J*iJ (jIjj-J ^UJI Lu^i jjJI iiLa-UI <^i cul ^1 ol^jkUI ^J (jSj 

(Olplj^l ^j * * (£^J <J^ 'J) ULS^Aj-^'J *'t ml luflJl ^jj-jj t <r> n 11^ cJjjl J" }" 

<JLUt Jjj-uj t^-^j 'uJ^Ajf-l' U- 6 ^ tx^' of^L^' cr'l uJJ^^ \j^> f4^J 

(j-LSU^tAJl ,-JLJj^ g' jft-^ n (jl f^jjjjljijjjl J_Ju5 <(j»u ia II i-flil JljJa UJJ VV'' ^L^ 

oL5[ ^j^l^ll cJp ( jil ^^ll j-jj-o c^jl-^ ^j'>" f^^i vi i l*i ^ ^ ^ ^L HI 
.idl^JI (^jjjJI ^ Ijjc aJaj LpV «(^jjr.llii <j>bj olt }ULfl i_i5jjLtu 

«Ijjlj (jlS ^jLojJIj (jKaII ^JLaJI LiAfi CaLa-jju (j-o ljJX. (j! <^>a-^ <<Aii^JI ^j 

(Lj-aj .^ .j 300) ^^uj-iiSlj <(L*jjJlj .a .j 500) ^^j^i-li-ti JL»-t1 LLi ^-i 

P-VJ-A tj-t I ^J »n »-flj-«-i V o-^ ^l j I n f j .(Lxjj-Li .jk .J 200) (^^-ajjJjjIj 

JjjjjjB Jjlj O-4S a (j *tr CAJJj tc^ll J^lj^-I'^ tyLJ S ^ H a IrtU ft (jl LaJJ f^j^tl ^ niVl 

j 
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.empty space (^JUJI) jjLAJI *Lukill otl^U. ^i cJjiVmllj 



a tjj.ll tuL&JI I flf^j m qJ * L*- 1 J l^ 4-LijUI j j inVilj *<jIS^j I *t u J "\ J^j 



.cjIjjuJu (_>uLiLi culs <— *>*J' («-1| (Jl>-""' u^ l^LSj lt*^ oLaI mo JI 

aii *M>v L^j *c*ljjLiJlj jl jLj-oVLj LJ jLLJVI 6Jjfc Ij-LL^uj LajLLSI l-^M 
^jl^ <JHaJI fjj\\ iii (^j-l^-j .Laju o^ j^jJI jlo£.VI j^-ft >L^-uxjl Io£. ^Ijj-a^ a^j 

120 J j l n" mrt JJLk ^ u-j^aJI ^l JI ah iJI qj* u Jfl?"» n Ctti'j-" Uf*-^ J^ 

o ^ ^ 

tjjjjljld ^jjAA-Li J^k ^15 (j^ ^ <l>^o 169 6^1*5 o^j 'SjjL 130 j I^Lo 

<l>" 119 J * J J^ 131 >*■! J jlVi mr > JJLa. ^ V J > >*-" (^l jj-**JI L^ 6- J0 ?"»" 
^jljd-ij LjL-J Jjj W ^ II ^V Ljj »*i mfl ^jLS ^-J I jj ft *s o-^-l *SJjLj 1 85 j-La-SJIj 

.Jjlill Win 

- - * o 

jjJLLLll *liJ jji iii .itjLj il^LLo S^ii <J Oj-La. aLVI d^.1 ^j 

Cj\ ml j i ^1 ^1j (djj-lt .jUoJVIj ^M-uoVI JIjJaL» SJjJ^ LajU 6j^l Tm ft <U 

o 5 ^ ^ o ^ ^ 

LaA ( j^jjijl nTift ^jljj-u UlS yjlira» I *l iri^ .1„W <l tUf.j 1 j .i iS J tAil C*J£. <Ll^.Llu«o 

oLluLUI 6iA J^ Jjy , tt -sj . (1) I^U 169 L»l^ U^l^kSj Aju 119j I^L. 120 
facebook. com/ketabme 



^ o 

^J[ iijlj^ui£. ^J jdJJ CajI£ Jii <jtj-oVL ^Uj Cut^ LoJoT. j^Ia. j^lll «jUaiVIj 
6^>k5j fljlo 799 j Ijlo 960 abulLa ilia. (*lUj ^at fj'^ u^ *^i-*i -La iA. 

*l^l« 43 j l^>lo 60 &UI .A iLL*. dLLj <!* ^iiT j^kl £jlj-o ^j .1^1« 1249 
J^Jaj <Jt^j *> ft K \ SLa^-fl rLi-a pLSjJI (J^LaJI /c^ljj) ft ** c>^-! -Lh-* 75 6jJajj 

}(S LjJUijj *4"^,l hio £yC ^-taill £-l°^ *J-2^ (jjl Lj»1^.I Ijl <j\ (j\j jii f«t^jj^.j» 
pl ml ibJ JS ^jl ^1 .j U i 11 *__»j_a J ,-an "i 1 *t *» fl <L-aJbl \ * f\ *s j 4— «uaj-Cj 4J^Ja ^H 3 

:5jtLUI ^a^" cut£ (j-wTfct t.uf\\\ 

2 (^tut fLjJi) + 2 (jjW £L2Jt) = 2 (J*UI) 

jLu^lawU 4 1^.1 nirt ,—N 3^'J^' J^ 1 ^' ^^ 'J 'V"' JuJ-ii I nSl-fc ^yjlj^a^. ^IS LoJj 
*4j1 djjl Jifl f<2uLaJl ^j .JJLa. J£J -tali ^ni ua ^fl inljftj tiiljj <j%fl,-lnf. oij 

<jI£xL JIj LJ <<Tt*sU n ^k t^jJ olj-^.jJl JLcusuLujI jji^. Ijj-^-»! jJ (^j^ 

2 C^tii/ ^laji) + 2 (jjVt £hjji x c) = 2 (>i//; 

J ft -1* ■* 

J-aLxJI !j_A mL^J 'jLj-o! (Jl CjIJjL» tj- Jlj^ 3 ^' J-^J-^-jJ t-jjlla-o J-aLt C Qn 

. (2, <Gil« ^i lluLu.1 (C cufil) 

^ I^ao^ Ijoji (j^&jL ^Ij^jaa. pLaic ,jl^ jlSj .jlo = 0.9144 Sa^LJI i^ <\-\ ni^ll C <Laai (2j 

>LaJl <JVJlj SjjLJI *-JUjAj 4-%j"\H OJlS^j <4ft.tl uiH 4 AjflJL C IjJJl^-j ^1 fJbjjft 1U tOJjll <JUuuObA 
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(£tllgJl <j| .(j-Aj^-lJI (j±J La JjU ^J ^jlS n II iZAj ml \ La <XjijJaJi jj<~\^ H 6jLa£. 

LLuoj i^ij iLi^ jjfcj < Sal vas u tras JJ^jj ml Ll m u,r»< ^jJI ^j^jj-aJI 3^ 
.^ .j 500 jkU) Vedic era ^jljjill j .^ » II iifS UJLkJLj ^iJI oUI^OU 

<^L*J CulS LlAI^jJI <iJa <jV <6J£.UJI <-fl>*J o^ <<jpjl^)IiJ a () aj, \ fl" dic (!•£>£ 
j^j±j1\j uaJI ^j| A_i .<JjJ^o ^Lfl_i^L-» JS mi II j I i !n "i m <\ fultl* frl "'*»J A t ft m" ,J| 

Sj^L ^.i <jLo j .1 1 a Ij» o-a j^aJI Jiuzhang suanshu ^Li^ Ij-^-Ll uf^-" 
.LAil 5j£.UJI oji^»j I^IS (L^>£ -f -J 200 ^Lt Ijj ^ill) Han ^li 



Jj^.j 1 A" j S (fj LjJaJLi jj-»-» <-fll iri n I I j Mal A 6jL£.Li Jj-^J (jLfi <^j-1-uj La£j 

n» 

4^jJI f M^ a> II j CjLjj" m o II j JajlajLJIj JaLLLll <LWJj <^jlS nll 4_Lt-aJ ^Jbj <j nO'i ft 
<^l£ jl ^^j-^jl^^ (^j^jJI £j±j La J^Lj «LujJjJb ^Ijj-a-a*. c-fljJtJ * T > I U" Jjjj .SjX.LLll 

^li ^i fiiJi^JI ipl^yi jjl^.JI JjL ^ units oldl^JI ju^j3 «Vjl «uk 

<La-i5 (_>jaAj CjjI^ LaJj .jnhV> (j±* <il "i n, II tJfJlJ ^^jJI Selili jL^J «uic (j n"t * 

^ ^K n.l I ^jl dJJ (^^-U. t-jj^^^joi i^jj "*>Nj i^-ll ^ (jjtllaAj mft 6j£.LLll (Jijijj C 

Ijle. V '(ujite l>i^ \&* <j1) fJLaJI ^i ^l£a (j) ^ (JJH^ L^'jJ- ^ S^ 1 " 5 6^ 
(J[ frJ^JJI LjuIc <lA^xaJI CjLj| ( j£. Jj_la^JJj .<J1 ot" nil (j* jj^I I m mi IjJjlS P^J^j 

O K' 

»"iUj jL*-qj <4: t <n 2300 ^^ J_t5 <iJl ^ jJI <L> u^jlfly Elements Jj-uaVI ^Li^ 

.6jL^jI ^j-a ^.utliifll £jLA^)J (jl ^j^aljlflV < T ^> m fci^J-i V ^j^ < Ut^ a ^' ^^ ^° 
6JLC.L5 1 1| i o < A <j-° f^j'Sflll 6j-t. ft - fl JI CjI o i n II o^aJ^ALutl 4 * mjp ^jj ^^yu. \ \\^ A ~^*f 

d-** trAj LjjjfcLt j^-aj statements ^jLcj o^-aA ^1 IjLH-ujI JJjj ^ ;^>j a ^ 
liA c-il^l c* 'K jJj .LjljIj 1^1 ^ \[ LLi. Ij_a ^LS .axioms «ol n I m n» LaI n ml 

<<Ajhr <t \ ft I C 6jii I ^ " £ ini L )aji\ tlfll CjI nl mrt CiJLj-o^J <<j ■» 2000 J_l5 /.l"<ll 
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S» 

• c-joj oj^ 4Q-\1 hij (_£jJI aIjU-OjI ^jjjJ-lLs 2 ^.dijj *uLij-6 OJ^J <rf*t4"1l J a1^"\ n, 
.JjJ^ ^jjj ^jjJfcL^VI ^ ^i ai^I im Jl la^JI JJJ^J ^-^ .2 

.jjc ^1 LAjlaJ i a "V\j (<uaSj (^1 LaJjSj^o SjjIj a-j-vj ^jSfu .3 

.«Uji m"rt 4/uljB.ll LiijjJI fj"? -4 



d A ' « ■ i a II .. a f m" (' A J A Jt" ' CtlnS'i'O y-JaSJ <Lo »JL=*. _J| ^jLcjJI ol^ mm jJLh 

oLu| <_i-n t (5^£-J /«-A LaJJ <4 <\\ nift C> ntjl L^jU £jjS5l1xj (jjj j >S II CiU^ 6JJ* a II 
^J_uj A-AjLa£.l (jjjj?& fL-^1 *^5j •(^J^'VI J-JjVI CjIaLlu-aJI ^1 Ijl 13 m l l(}"^ i^ 
(J^Ai 't^-^-VI g-Jj^l CjI nl iiinll {y* I fl ^iTn ml ,^fi lj)^^n ^1 (jJ J ^^ O^JjL^- 6 

■f 
:j!Lo <(^^)-=fc.l CjI aJ mftj C^jIj^J' ^ rt ' "«^ (j^" ^ iAilt"i mVlj iiilj^ <(^^-=^l AJj)^^ 

* *a" gj * ^1 ^-^J U ^ " "i rt II ^J^o tAj^" m o .hA ^1 ^"^L^ 4 Infl't (<jl ^j-o .5' 



(J-* ^ 



f<HjJil 






^^uJoliV (5jIjjJI 4 ftl m n J n^" mi (^jJI pLukiJI i-L 

- " ■* ■* *» " ■* 

»4jjLiii}*y Ctl MijlA <1»Jj £i\ f\\ m a _J| SrTn ntftll «_fll t^njVI ^ ft nuj 
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^iii fri tjjjj iaj^Lo jj^i ^tUiL ii^y (JjjjijByi ? iM,ri(i il ^vi oaIj 



•X* ■» *'i 



<cJ <J m nll 6jJb ^I-Ij ^A"k[ .«lJjuLII c»! ujL-LILj LajI y^\ i^-^ c»lj iVJ ^ II 6J-A 

,^,.\ Ja| CiLal-ui-eJ <Uau <jl mnlL «LloUJI ^Ijj-cl^. Sj£,LS <jLfl IjJ .JjVI 4jLj£ 

.LiAjI A-tJj I p| ^-jlj^n^ 4 ioj\Aj 

l^J dflL'>A ^j&j *C£J** «n nll ^ ijAjJiVI 4 mJtfl II ^ tj>J-£ <^VI ^^Ia. 
«t-fl^JLJ LajI (jJoa jl <t_ijJLJ L*.J t\ -\ LIjI 4-LJ «3j>>^ (j-* Sf-jLa rr U m <Jj-ft <^;ljJLJ 

<j^a. (J J[ iiLuil cjLuaLLLJlj ciLcUjjI 4ji jL«_»VI ^Mj *LAi ^1 (J^^*^ LjjI 

^J P-l lAfl II ,_![ (^j^jjC-Lia-fl 4j-Ajj-a « j tn^jH J g m II Jj-a 'C£JP «n a II ^fl <Sj-aJI 

tfk iah1IL> 4j Jj^i^. V Lii mi ^jj^lfl.1 ^jjj lAUjili .Ha u_iijlJLj J^iajIo l\ ml 

(j£\ j^j ta*l JW jin* n M V I i n Iri * ft q! £-oj . p J ft < * i i < % i«*fS (j-S-Ji 4jn,\j|j| 4 mj'i ftj 
6JJ& CjIj tVtl ^ t jX. j j \ * " II ^jS f\ n II tj^o-fl <<L>jLlJI I 't i^jl jLjujI jjLaJL» P/j-tu 
LT^ O^Jj-^'-hH J J* "^ 4^LlS fj\ <\ e\ II ^j-d <ldSJtj .jjll nij Jl nnl inL CjUI i A fl II 

:Ji.SJL jLuVI ^Lj ^Luii 
2 (' fr ./J( ^L^i; + 2 (£JSM fLjJI) + 2 (^ c LiJ) + 2 (JjMI pUJI) = 2 (jUJI) 
GMi ^ jiSI UjIajI oULuki ^i ^<LAj Uj^t 4jjtij L J$ ^i t jiia S& 

ijfr <J1 i a II Jjj ut tf±£ <($S* '"< 'TJ^ "** ^f^ '^ U^ <4ji9f. 4 il m" Jj^ n jJ6 

ioi ^1 jkl < u ijft^H Li<JU. ^ jUjI CMi ^^^-uj ^jj V <jL j^S^ll Y\f\e\\ Ja 
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U0j cjl^Lboi oLujhijJb (jj-<-"^>ii . A fl '^ 'J f Ai <j-»jJ1 ^uuJ) ^j A jl j-fl .LoLaj i^j"^ i^> 
idL. uJW ^J . (3> (1-9 JiAJI) jU^V) <^Lj fJI^J jU^ 1 V 1 ^ e*^ ^^ 

jd»> ^1 <Cil jJ& LoJ jIjjLLujVI 4j-ia ^tLaJi LljSJ <iiijJUJI 6,1^1 Jlflr Jaaj <jl 

J Luk .IIa 3L^Vj .j^VI £nLj pLAi ^ ^Lu Ji-^ ^ jj^h <*&! 

^j ^^-^ JLU <> <J-^ fr*L^ u>U' Jiljb ^* ^^ ulH^I j^'j 1 
<Pirro della Francesca K m, .Vitjj }Lu jjjm^ Giotto di Bondone ^jj^ 



jjL^j 'O^j- 



_» olj cJ-^jJ ^ i-SNJUI jLjl-*VI t>t j^-»- 



jju ij 



u-e- 




l^jlr Jj.ur^ II {j<*.j (J ^S\ hyperspace LjlLS\ A ^kiJl ^ ^Lu^Vl JLi-iV qj^-1i .1 -9 Js-idi 
<jLju1 ijujl ^ U, mi '1 h cjVjj o'jj j ^^'V jjl>Llfi LUh lij.iJ .animations ol^L^-lj jj*& <L^1jj 
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<G. Monge k^j* j\1U£ ^ iAL^II L^-cjIjI is^j «L-uaLj ^^^j ^^ic 1/*^ dJj 
Id'tni^j *j-tiic <>llL]l <^>iJI >^lj! ^ <Pelouse (1818-1746) JjL* H^ j*j 
<dlii d*j .Geometrie descriptive (1798) Iji-ua^ll <^j\o II Jj^aj <-»L£ ^i 

^JaLi-JI JjJ-aJ LfJ U^f LT^' <J^JI (!>£- JjUIt <^Jl>J ^ Uajji jl^JI I m l T 

a i "s 

\\*< <K lift jj_u .jUjVI <L5}Lj Ljel -*; J «OajJI <Jjl^ J^ 1 - 3 ^ JLajVI <l£.L^>JI 

aJI ij SjaJLo I j "I * a Jljia OjLS <4_L&j ^o 1 1J.LL 4 i im i <jV <Lo Jl^. ^_ )[ ljJLx^ 

'•/„."*." • .., - ".- " 

sk%Yi Lili! .LlAjI "'l tAA^LaJlj OUtijij-ajI ,^-fl jS fll I Lfrll i-^ J a*1 ml £)] < k-uiiVA 

.aJJ1.II (jAsu jLa^lj l \ A a t I4J <J-a1!I £ja J lAfll JjJLju 
<klj <GL 0-ujJ^.JI ^ ^ii .ikiu jJh (O-c-iiioJI) Ojl-JI (5ji-^aJI cJiiJI 

s ^ "i * 

Ukih. (1— ujJli-JI) dJtaJI £jL*.VI «lii^ftll uJ^J ^'^^ <(j-aL^j jJLLi <.aJ» a 

jaJI ^Lill 4^£Jlj (2-9 J1AJI) SjU.ha J^L ^ ooL^JI *Ji, Lp^> 

* s * 
JjJj^JI JijJI ^_fl (a J 'S"* m aJI U-% II) 1— u.i*^ aH jj^-j jjjj Lj)l hio (2— f T iH*S^II) 

(S-u^i-JI) jIajVI (jiMUI ^aj^JI .jjlJI <jjIi5 <u3jj S*}Lo ^^Jr. sAjaM Jo muj 

■f' 
Jj) a»JI 6L^jLi <jl inn (_£l *2— t_jJlS-o J - ?"^ *-HjHJ **S^°J^ J~* LT 3 & ',H J^ '"< ^-A 

J j*i a"> ^ 4 K 1 n a I Jj^j V I "^JlJ .4— «JIj (_^Jj-a£- &LaJil Jj^J ^fJJ g.J^** '"" *^ L^V 

^^ *Jju>" 6-* ^ J ^- S^^- c^* ^ «jIajVI <^L^ ^jj SfriLo ^^ 3— c-^iiA 

^^ic 5-o^^u^i jLajVI *Laj^-j JlijLuV J>iJI ^yi Cj^LJLclj <jjj a^o ^ ^ ff " a ^jVI 

:^_L Lo J-<lc 1 V**s a j <JjJbjJL qlu ri^il jJLll <l&lll 5jx,I hiaJj . jajJI <LjUj oL^jJ 
jt^ \^ <f3 - 9 Jn niln Ltj)" m a w ur>n a j f"i\\j .«lijij^*. ^jAju 3^J ** A ^j^^* 4 

A I a 1 II l-jI <n"> mi .3— Lilrt ^j^'sl I Ljlus p-Ij^VI &i-A * .ia ^j*^ o * <■ Q ^ iLo-Lll 
*^oLt Joaj l() iaIt j^lll t_fljj^JI J^ 3 -' LT* U**^ '" LT^' <Lj>laJI t>* JjJfcaJL 
n \ t n" L«Lijj 3— f—<»S a <Llajlj L&c j iAiaLc. Sjii /j-1^ * JJ5VI ^yi *J-j-tfxaJLaj I d *^ I 

^i <^ji > ^L *ljl ^j a ' Alt I«1aj <3— i,..t3t*\ a I jjLjJl «LuLIjjI I *"»N u *" j* uijj ^JLc SjjU 
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4~(a .'( l j? j^) v l f ^ ft 



3— ^ ^ jlL o ^ L-<n^ft 



(jjj*£. aLaJiL J^LuJI wat^ftll dLjjaJi <Ja-uJjj <iJl^a jLljI ^ oLjlSLo pLlllj} 0^-^ .2-9 Jl ui II 

_'*^ * ur^J <<jJ-C. ^J^a£ aL^jLi JojaJi j^-J (2~^iJuSLo) j'* mj n ( Jlj <darJj fcLaJjL «lLlSjJI j^-i 
JjlJI ^LjjJI Jj*n"1l j j i ■ i fl"* lXaljU dU .«Ul*. JJ^ t£4j-<^ *W^ iSS 1 " i<1 ^ >?*? (3-yl^n) (£jU. 
aLaJjL 3— (-ia^oJI 5*J (4— V**^ ) ^L*jVI (jf^-^J -lajj-o *-**£* *Luu[ 6^*J f 'j^L$ .*-a*5LJJ JjuaLaJI 
<j*a (jLshTtj (j_ijJ»Lo <JJJ1 ij-Aj :^jUJ! J*C i » II j nti\ >_fljS JJLJ a 1i*m *J j- A jl. I I <]>^Jj *J^' t^J-^ 

.(jjgl'-^ft ^jjJbLauiLi JjjLJI ijt^ aji jjjJj 

.(4— uj»*S.o) jU-jVI ^Li^ -iaji-« <-■**<[ <\ frLitj)f CT^f ^° ^Jlj*^ (J^' t>^ 

Lkii <IJK a j .anology (<u^iiiiL) ^J-aIJL n-ll* cjL-^L/^II £y> 'jf^ L>^ ul 

* * * ' 

iLua* J^i j^ <c$'j •lt'j^' CMiJI jIajVI (^^k. (j^ja* $W^ (c^jLc cja^-o) 

^^ifi, liud n.nlj .iUiJ) Jla LoUj <analogy ^LUL <u^i <JjU^j <6L*jVI dLlj 
Jj i^^ II I j \*s o j <2-9 JiuiJI ^i (jjtoll 4— ^«^.aJJ jjlaJI ^jLUI Sjj-uaJI a$j 
6j^j o^juj J^ia cr ic fj^I <-J ftf (sj-*^ hypergeing !>>Lo j jK ^ ^^^it 
« u^i* j-ii J1d ULo3 dJjj «(4-9 JSJJI) jUjI Cili ^ Uj-ii ^ joU^LJ 
3— u»^ ^ j^jj) 3— cjLul^o jj'tl f>*> ^—11 4— c-aa^-o j-jitij 2— oLja^-o tLiK ^—11 3 
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d j^]\ oJ.r.lL <u^iJI J1AII <> jU^VI JiW: pLAi ^i ^ jU ^^ pLAil ^ .3-9 JiJdl 

t-SjjjaJI J-wajJ <J1 o*" ml tj^-oj <3jjJI jj-it (£Jj-aJiJt AajJI (jl <Jjj 1'ttlr Jfl mil ^ • t 3"°^' ^^ } 

.(JjJjlaj <JljJLa J^la o (JjjS (j-o 4jljjj «_i* toli (j-o cA"' <^LoUJl 

^j-o 4— « M n*s n H P-Liul tJ^AJ t.^s jj-*AjJj . (^^JjuII «_iil r^ll j^J-a ^ L> ^ ft 

(j-o <j\ >S-y\ <(jjA*-il\ (5 J pLAAJI ^ J-ajJI <U-iiu Jj^HI <jLjljVI (jiiljJI pLAAJI ^i 
<JLa_i (JILo LaLaji <Li^_1jloj) ^jS-a-i «jLl-o <^j ! A -' f ft -" (J *fl ^JH* (j' ' j^^ual> (J *"»■" .<« * H 

p^jUJI U .jLuVI ^^lill pLAaJI j.* i^Liu* $K,f, ft ^Lo o*JI <^L£ *LAi ^ 

.dUi ^gk <jj*-l& ij\ j^j ^U jLljVI ^Ljj *LAi ^ 



Piero della Fransesca <^jS (juj JjJJI cA -^ lt-" j jj^Lal^ ^ * II * .11 ^ LlijJl ^ij_c j_5J (4) 

<ia> : v 1 "r>11 f^uL iijjjuJI JIj «l^jIj (Flgellation of Christ (1460) gj..mll jl^ f^L» iijjjuJ 

i " " 

u « m'* ^Ul ^iiUl JIaj The Crucifixion: Corpus hypercubics (1954) iUji-JI .-■ !;*<* I I ^ 
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jl Lu^ l^v <jV\ . ij.Ai... .4-9 JiAJl 
^_| ijj ,^^ A oli j J A n LllLua^j ,<JUaLqJI 



tjj^^jj jl a ■■■[ JlULluI LaJutC (j itif a-jLuJI (jjJLll y^i <Jjjliyi A t*t,\\Q II 1 <\~S\ 

^i^j Jl JL-Jj - 3 J^AJI J Lulj L* _ jJJU jL-J Jl (1727-1643) 

aj5 rdJj J t L ^j ^l ukill jj^ <^j^JJ U i^j pLiAil! static £Jj£-*JI ^jj U} 
L^-jljl m a <jx. I j 1 1 1 cJ * * m-a II i A-SJ-* >^^ («-^j (force Sj-3JI Sjii jp^^j-j 

I 'i 't*S n t f/^JI -fc H I j ■ "I i j jl.v.u.t (c-fij . «LalL-La CjLcj-xuj dlj *s T> I j I * 's j j << oj5" nift.ll 
JjLa. .Jjl^ aJlj ^LojJI £-o*AJ j *s -sIj <Jjl_a-o (Jjl <G-LuaJ Jjj^tJ a! hH ^J[ J-ojJI 

(j^^i jj-i i uijl^ 11 a^Jb jdij fJ <jV f r 1^-j II «lLIL^j aJ ^J (tilJj <jmjHUjU i uji 

*uL)V <Jjjj_ua CjjLS (_£jJ5JI ^1 (jlo (Ajt t^ji\ fil \ noU <Gjj_aJi <j-a-fl :o'jl nj.rJI 
6jjJ ^Ij^l ii-i-S <<jJj-xi Lol «j-fLjJl ,m.ft iajJa-^. c*^ pl-"-** 1 ^ ^$ J 'S 'i o pl n j nn II 
(J-C- j j j ^ " I I SjJLll a j fl r> Ajii fpl n j un II CjIjI m n ^jj ■> 'j ^j-l-C < «pij „II 
(^It (ialklLJI) Aji" .Mft.ll <$>aJ Ulc ^1 <^jhjjiUII <£>aJI ^£. oLfllj^iVI 



.aj<" i h o JaJL (J^lo 



<ijj (jiLc (^jJI ^juj H UjU inji *_* JLaJI j-A LaS t^jj't i j I at 'i j L&jJi^ 
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'UJ A J^ a a mLiH * r- j m n ^jlS-aJU f^j iS-LIa a ^jl S n 11^ (jLojJl ^jlS <jkl_£ ^_flJL* 

* * 

(5) 

IjJj f u ^k A ^V 4ttl3JI ^ ^ "IWliJI j* c^l ^.i'"ML f jJI IJU <jl£ ^Li 

** * ** * ** V ^ " .# " 

.SjuaJj «UaJLc 4S1S1 tjL<ijjjj fjjlUo r^-^U r^-*^* <jI£aII <^j^I 

J-ULi i^\\j^ jl i n n (V^ {*">** f J'" 1 ** uh ^jLS f JAJ £ya JJULi aLjSJ' AJ<j ftfl <j\ 

* "' * " 

\ \ \ mi ,. (Al o II ,— fl (jLS ("k 'y \ II J^-^ *Lh'^ {J-* 6 "-^?->"* J' mi rt II IjJfc rr i t <~\j 1 4-J-C 

* fr • \^ *\ l* • .i» i* ■{*■*■*«»„«.. * - T * - ■* 

<L»j^j .mi (jl^ <j| Jj_» f<j_»jjb_» ( _5 c-t t f IJ-A jjl A Mi<a i jjj^jj (£lj J-flj .)jj% n 

<jL£ I6JJU ^>x p-LaiftJ Sj-La^-aJI 6jJh t±lj3^ L*jlS <jL$J <<LjIjJSJ (*fj**l ft ^^) 4 : ajijIjJ 

6J-A Jj^. (^JJI aJuuIj .<£.j_t*iJ tg-Jj^Jjj tj-o-o V f^fl^j < nfllll t jiJ)l> '^ .* 0->J-" (Ih 6 

.Jj^jJI IjJb «b aju (^jJI j-i-ftlaJlj jj rt * Jl a (] 411 ^J ^ - — a U 



:<julL^ ^ ^UVI ^Jl Lis 6jLA*J (1955-1879) ^l: h* J c*^J\ jJj oSJ 
^^k. Lr *^S lifjj -o^J^ ch° (3^^^ 3^->^ O^J^^ 1 (jl^A-ll ^^ f^ <L-aVj1 ^ 

LT^-fi ^J •Cj'- 6 JA' SJ^I^JI <o.JUJI <^T&\ II La-oj (^jlSlk-JI tjLo^Jlj ^l^-oJI A^fi^ 
l^"ti i^i i <UjjSJI «LIISjJI ajO ^ft J-Aj *(>*J^ ^'j^a^l c 1 ^^ i^l <JjLlll <La.j-aJI ^J 

Jl pLJjlJI j^pUj t plJLl)fL 4 ftjh» II cAjI* -l' j cjIj^^VI J^i L» LJli, ijS 



Philosophiae naturalis <j^LjJI ^jlmll ?j*jjUII <i^JiJI c^j^i Cyj^ j:$ -- 11 v^*^' t> (5) 

.principia mathematica (1687) 
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,Jj fk lAIu iil^ . Lfl-H A A (| <^-i A 1 L« I (j J A l A ^j-O <4 j MlM^Jl A t Al 4 n II (_1 Lfl t M)*" a! uli 

^jl L^J (2>^ f^ f^g-AJaJul ^j-Aj <La-£-l-o <j-jLLII .Jjj" 1 ^j-aJI c j-tjl-A ,^-fl tj-»" mm il 

i 

.oJj t^<A^. (j-*L$ ur^si t<M "°-*» (£<■"' " ^^ (3- aA - > 

>.Q i/»>j ^jJb «LjJaill fciA .<Lu=»UJI «Uj mm II <JjiaJ ^jjl" mi M V jL?-jJ Jjt J^ 
J-J-C.J 4 o h 'i j r> A i \ mm 4Sj^a^j (jj^J-^f 1 aJ-xfc mojLjuI L^-jij^j (c-^-" oLIaAjLaJj 
j * mm (IjLS ^j| /j-J-C- (J *^" '" * 4jI /«-A <_»^Sj-aJI ^j->l 'i mi j il 6^>Sj O M S .<^.jl mi n 

:<5iK"^ <LJLL*JI jiaVI jjl <J>£j i-iL jL^jL» j-a^Ill) aia £>*. u^" ^*1 ^^ ^j 
< *u-\ A d" fj ^ dj^Jlj i-ilaJLo <<Jal ' ■;; <^j& inertial frame «^LLaJI jLLVI» 



(JM-5JI Sjj^Li ,-i j > L ILc £j-&j ^j-fl iliLo S^fLaJI 6j-A o-jI^j -f j 51 "* ft U-^ *j 

,-fl iil^J L^J (J^aJ j^'V <-o^a-a Sjj^a. ^ jfl mil jtj) <n"t Lajlr. >-^£- JjLloJI 
La . a .^.v i ff. n , M " <Ltj^" <Lo!i ^jL» jjj i ^i*i II Ufcjic <j^-&-i ^Lfl :^jl-A ^^ ^f^ V^ 

jXytc. LlL^^juil IjLi :«GjLj itj_u±j # 4 j \" Zj^Ja J-^.Ij (_jj^Ji tjjLaJJ jjl jj i^>" 
^Lill .S^iUJI i^^^a. > 4 , n< l*i'i<nj ili <£^jUJ jJLsJI ^J jll^jl jLU| j^j 

<j! j-A <1 ft() \\\ fj)\ ts>\j C^^ L>±*J^ L&J <^l " tVij Ij jaiJLc. ^joj £jJ*^aJI 

aL-o^VI <LoLi u ^j^ Lukiij /<i * ,,.iUI\j A II j frLj^sJI (j£. oLojJjt-o jjjLLiiLiiV rt-pl 

•( 6 Jf^J «tyuljlll) K^aJlJI 

C*jt (llil ^Jaj'a'J <<lllk»ll ^iaVI Jil^J £>£- (j^l^ mimI S^i ii-CLAl <jjjJ 

4,1 ini mi (_£j-^.l (tif\ J n^h n ^j-fl lj^*i infl < _-uiij J£.l UI .4jui-uljJ ujJlSj ^jLLl^a (Ulj 

j gj.i*i mia <S^^j *JJ 4 i mi'JLh t*ljA**t ^ j n ^ o ^-4 Jj^j^jo dul jS>& Ipl luLajJI J^jo 

^ ijj^ <£.j-^i aIaj (Llu/^) 4LcLlJI ^ >^>>Li^ 1 000 000 000 Icjjulj 



.«GLsw jMk ^jl^il .-»lflt v 5 *-^ tl>^ ^M <L>aLU 
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J^a. <±*l£ SjjJj j^ljill <-uLj 0.14 LIa^L I4JJ <pj-usJI i^j^ui (j-o <1a1L 93 

Jal J m( - <* 4< * ,,A1< 11 t^jjl ^ "t H * i a ^ J J fl*i" «Uj d*jl <LjjjJ& ui-La <a (j i^j in'i 

L yL^ J ^"11 Faraday ^IjIjIJ ^1 m'^l <J_$LaJI 1^ ^^j ^ V*L>^-I j j L 1 ILc 

£-0 t-Ajill ^jaiAj ^1 /*^J "i (IjjJbjA. <! n j M <jJ" 111 \jA (j;\j ^jLS .I^>a. aJ-Aj O^*^' 

HU£ ojiL^ fr^k? -<jJl ';-'" ; Ui/^ 1 000 000 000 Jtc^uu j^ **Li1 

.^^.Vl <j-a Lftlj^J jjj n~i I iLLS j^ gj^" lu Ifl n U j ^jJI pLjjiJI ^jSJ <<tilLk-o 

C p^jlAJI <Lcj_lxi ^Jf. J a*W* <<l t LtuJoLla f\\\j pLjj^S'1 ' a '^" L5» *"^ 4-fcol^jj 

oIjLiajI «-ilUTi <4 i ihjUm* A^flSJl JjLjjj (_yjJl (j4j t^ifl <j-a jJ-iS ^^-3 I^—A <JLcu-ajl 

^ s J 

^^jJI CjIjLjJIj ,^jin a ^ I t t°n? ^^jjl <C -J 4-uaLk <Loj-5 I o I nl"i ml (^jJLll 

pLjjlAJI a tl<"i <j-o jjiajl L5^J '^ "J ^V. 111 ft 4-a-*2 I 1 Ai J I J ft^l m" <*ll i^fl ^-i LaJj^jj 

^jJI Injili ^wu-ftj (jJ^J J < T t^J C*jI lf t ml ^^jJI C <A±* (jLfl <ctLl2S JLqa1xuL 

{j-u£j> (j"J^* CuLfl «C ^jnjfl" LotiVn ^^,>^>i SjIa- ^ jj .^-j» ml ifl (j- 6 "• '0 *' r '- '"^^ 

^l ^mVlL U/^ 1 000 000 000 <^h^ cJ^^n dLU ,^11« UmAIL» i^jill 

^jj*tr^-mj ylj-flLui-i ^jj^HAi a {j^jJUa£ ^jjAjUaJ j— d <^Ju^£slj (J^* j a *^^ ' (j[ 
1 \ «\ (J ^ t _^-i <jjJb^ab ??-jl-" ffrj <r>'J <X:j^uJI <joj-fiJ ^jl mm< t *("'J Cul) ^j *** fl 1j ^ * 
a^-Lo (M1a ^(^^iJjJ <J-*LiJI ^IJhJI f^^f^ C^ ( 3 "^5"' I4JI .(jLo^'j o^- ^ 
Llijj ^(^j-*^ J^ ^^-1^- ^ iAVi Cilia^.^LaJI 6JJ& ^Vj <VjJ«-^ ljljLi-o <li^aj ^K aJI 

J^AjlJL (jVI *Laj-SJI 6JlA Ci 'i J r JJj .C <-aJ-5 ^Li ^ C*ijJl J-a jj*^1I jLLj[ frLoJLaJl j^jlj (7) 

.«^L5 UJt IJji^ ^j-.AJI <t^ jju (Jj ,15^ c=299 792 458 
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.Ullj ^jjfi. «-AJJJJ L ^yifi-l ^Jj ^JJ <j\ 



j t mm rli i^rt J^a I j} m 4_uj_lo 4-oj.aJ 4 thfl ^Jul «jjJjJlLII)) (jl ljJa i JdLs fljJ 

Lr i-4 '^1 * ^ c ifcj-*" (> L— /f^ 1 000 000 000 >■«".' lt 1 ^ ^J^ 
< ^ ** n" ^111 J>JjJtjJI (jl ^ -O^jJ'j ol^-oi! vJ^Ij4 (j-* oM-AJJtlll 6JLA ikxul^J 
Jla r>5il ^ij .dljjVI (j-fl JJAJ-II liA J ^i> IjK ^j^-L Pj-t-sJl <£>aJ ttlj£>»* 

G. jJIjjj^^^ £>-»?* ck^j^V <S^W3^" *^*-" (> J^LSlL^L fCjMjjLAll! 6J.A 
H. Lorentz y^jjA ciLja^a ^^Uj^JI ^L/^lj «Fitzgerald (1901-1851) 
Fitzgerald- >Uj>l - jJl^^i j/U"» c,}Uijl2JI «i* o j « ...j (1928-1853) 
sLilJI oLJjISVI 6Jla j^j jj6 ^l" .VJ jUjI ^lifl .Lorentz contraction 

4 nO\() 1 pjljJ CajIS L^-jI <LaJ^aJfiLj <^j-«Ij (3- a£ -' L£j-*^ ^j^LujI ^^-l^ (j'"" ^ U^J*^ 

jLLLsJ ^_S ^>^J fM * 'J-^^ ' ft J i f' (* <1 " n il t 3 *lj_^f O-i^JU ^uaj* in.fi Ij-^LS 
Jj V J^LaJI ^>itij ^ «Lill^o oLtj-cuj Jjj^j ^ "t j (^dJI Jjj^l infttl ^jil .A^JjAak. 
j. M j J ^ ^ 6J-cL5 rr-\ \'\ £jJ a_j ^jb t< fl I 'i ^ rt IjUajal^ Vljil I J) 0. IJ lj-ij^4 ^1 
J^JLJ tdJjj fl^J ^1U „ Lool Ij-oOJ ^jjat"^ />H ^jj^l niftll ^V <<Jl nir>IL iULsLLaJl 
^j .<iij ^j;!-^ Ij^l^ ^111 aUJjVLj L^j ^jj^^aJlj l^il£ ^^iJl i^^HuJI ^ 

facebook. com/ketabme 



if 

Llij *J$j_aJI <Ui J f '■« (£jJI O-ijJlj 4-kJuJI J-^J-a ( j- c - ,>£>*"* (*>**" lj-C.1 i^tfl 

{jAT\ m'ijl rj^l jij .event l!ijua> djULaJI JuLlJI Ijla a n mm ^>^j .a^jLjLLa-cJ 

<jX. jh'ill «"Ufl t f^jn^ II <ulc jijf (^iJI f-SjJI J-Aj <£-AjJLaJI «^fij-a^UI» Jl 

oj*i^ ^ J-^»LLll ^ 1^* *u,'**^ orH ir| terval J iA a II j_a ^ ftfj^ 
((joLL r-l Min I o "'j* j La^) distance <UI mi n II tL^l^j ^l^-JI ^ ^Lu^Ha 

lJi^jlj <(r-l LU-/JI (^llAj A uj JL La£) tilTlG (j-a>ll **Ja-uuljj <jLajjl ^^-fl c jJ-L-aAj-oj 

2 (UL^Jf) - 2 (^f xc ) = 2 (J^tiJt) 

CjJ& LaJj .Lijl LaUjIj _lll SjLjJI ^^uij Jl n*" mL <Lfll mftll < r i mV 



(^lll iiLuL-JI ^-6 ji ir»! tjj'iJ ^ I «Jj'tKnll *J5lj-aJI ^-±j I (} injS" (JiJI 4-fll mi n II 
Jl l^j (j-UJ-aJI (J-»-» (J-OjJI (j^5^-* (j' '"''? J^ '^ "' **» J-& O faoLflJI ^^^ '*-*l '(j "'J ^1 
^>k1 oUKjj . 2 (<il .i.nll) ~ 2 ( t >o > >JI XC ) J^l iajjfl ^k -bliaJJ dlljj <LlAj! 
Ll-a (JS d ■■" at (^>-wi tj-*jJ' • /fJ[ <j-ujjJLj <Qcj_uj (jja UajI «LCj-loj tj-ajJI <* <A/u 

<tj^aj c^>?^ J^^l *diO d) jf^ cy^b : P ro P er tim e JioUJI t>»jJI ^omm 

fL*^u»l <CjjL£ id-JI A \ mjJLt dlj^aJil /J^l jnil CmS LcJj .<j-oLLJI /c^O (J-* Ua-»l 

<yj <jfr* -o^Jlj (jt-*>U L^IjjV <jji^ *juJj^ ufl" '"^1 ^'>^l —ll~"j 

^ ^j^^^-JI jjj-ual^JI oli-ftL jaj jJi :(^j^JI) J-aLUI ^IjlJI ^^-L» ^^iL 

(«L^jllJI ftjjfc a d i I j .(jLi-ar^j-o jtvK ^1 ^j£ ^LiliVI {j \h I" ^ ^ Jj uli U r ^jLkJ 
dLj| .j^La 100 L^J^Li Jl uij-a-J ijjLiAi <l Lj fl if> ^ Jj^.j_o dLil ^j Aj " a j I 

ilJLJI ^^ jJj-a i^V! Lilj .Lu./^ 1 000 000 000 <*^uu ^3jU^i 

38 jIjJLaj j^-Vl (^ ' nftiWl (j^ t ^i Vi n I n (j *t1 ^tj f<?Mt n <Th^ I ^ d .*;! ,Aall 

speed itj^JI ,*ij^ ( 1/2 [ 2 (<£.j_oJI) -1 ] x J^kJI ^ <Uuuai1 ^jJI J^kJI ^j^ jij^ Jength 
^U* 60 <jI^>5) Luj/a^ 100 <£,^*mjj .pj-(-aJ1 itj^iJ ^flc.l i^aj l$J£ lj^*-» Jl <j Mi'tlL dlcj -" ^ 
tjj^j (jl jj V I.U ((jjoJjjj 100 J p^a. ^^ 1 6^ ■ aJlaJi [ (itj^uJI - 1 1 (jLi <(<£.LuJI J 
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£u\ «I^Lo 38 J-Aj <4 "p 91 (jjJul ^-JlS-aJi J i <*>! fl II ^jjjij jJb 1 rt | *i j i J f/M j 11 ^jLfi 
J r^l j II <j>^f Cf^ f~* CH^J <>" 100 jJ* <yj «tflfill ijITmS UJ JjJt <j1 C-SjJUJ 

j^Jj »lj4 i*~» UL^f O' U^ n «? V p J *** ^ " (JJJ Cul 4 m J V* (£jJI ^J -0 ^' Or* "* "'*** 

V djLi JjLuaJLklj liijLjij^o 0.31 ^ulji Cm t>6-ll u' 6^ *±ljLi <£LJLaJI 

^jjJ-^al^J (jioJ V j| i ^Vt-s l ^IjjJI f>J$-*-* 4jJ5jjjj» (j| . ( jh*^oI>" (JJJ-^^JI ^^ 
<MS ftj .'LLalj j f> II wilju^iVI i \ \ J "* J -ylfi. ' 9 5" t (jl 4 n Iri" \ o 4 i t in't <Sj^a^4 (jLojJL 

j^jll^u lil .(j^j^b qK.JI jtLojljI (^Jb SjjLJI jlli^J <y»liJI <juJj-JI 

U t-Luaj K? 1 "/» ^i ^pAjjA** j£.Lto USj .interval J^-oUJI SjLc £-L^uLj Vjl 

<4_ajjjl^JI . 4 t.ll.ft ttillj «LajjJlJI - <LJj_£JI .CjI ujLaJLII J-*-^. 4 V\ 'nlj^ ^j^-lll <j^ 
(jrA^T 1 ' — " '' cl^ J > > 4 *"" jL^ ** '" I Vlftl •dlj^jJI ^jnfl 1 1 <jlS n \\j (jLojJI Ql it» *fl 

I d *U3j ^1 4JL«. 1^.11 ^j <meters of light travel «pj^-kJI 4-U.j jLl*Lj» 

<Sj-a.lj 4jljIj ^ fij i^H I (j * U 3j ^yjJl <il m n II ^Jb 6lA (jV *^>1ajLS 300 000 

30 jl ^L5^% 30) 10 J1 x 3 p^-sL^ «O-O-ll <> ( 1m > ^b l^ » ol fi 
300 000 ^Jl LaJ jju^ 4S5 JS Jl ^i jii ^^u ^aj Jjj <^U ^ ^IjiB 

J faOLflJI ui-ijjG U mi u 4u^J «JjJLaJI ^jjj-jIi jjO* I A-jjUa wMti ^ I^A . jJLaj IjN 

2 (tiL~JI) - 2 (^l) = 2 (J~U1I) 
4- (JjVI g. i <A 'l x L, j Jj-a j U a II g-j^H» cftjjjuj * j j A a r> lu * I * Li * LoL&j 
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383 6 il,>'i 

1 fl 't f j J t " ^jJI <jl m n II 6J-C.L3 ^1 Laii .1.1^ *LqL-A «LLjLJ ^Vl Jjj'i m 

interval J-^aLilJ ^ll^ilJ S^LS ^LS <^>j£i LajIajI jjs. olpLAi ^^l^ <1a^j-oJI 

<j^IjJI jLslj^I (c-1^ L»Jja£- L»->Ij IJjlj (>*jJ' j^^-' (SJ3J- l ^' t>° o' ^^^ cr^^ 

H. Minkowski (1909- ^< tlt ^j<\c ^L^jj* ik^}L« J^J\ jjt IIaj .pLa^JJ 
jjS LUi j,Sfl j> ^ L. ^Jt <j-^S ^sJlj ,1907 r U 1+^ ^sJI 1864) 

iaiLa^j ^j f^jJLjL Jj^-o ^^ V J *■* " J I ^ *s nj ^jl <6J^.j ^jLo^Jlj *60a.j ^j K n 11 

.spacetime LKlj ^Sfl Lr *^ 

jjV <jljLjyi ^Lj o^-°jj jIajVI ^Ljj jL^ 6^ UlV» VI li^-j IIa 
t Sd^LHL j^iaAj 4 _ pLu2xill ^ distance iiLxu-Jli :l^ ^llillk^ U^i^oIa 
interval J^diJI jj&j ,4 _ ^l^jJI ^ lA*^ J ^±*. ^i <+ x 2 + y 2 +z 2 
. pl,Aiill ul J^ t>^ -t 2 - x 2 - y 2 - z 2 ^1 <t 2 -(x 2 - y 2 -z 2 ) S^LUL ^^G 
4 n .^jILfl .^^IiiiiA n metric signatures £!**>" p'*"* *n\ 4 _ <jl^jJlj 4 
tj^. ^i <(+, +,+,+) ^-4 (<il ... oli SjLr: jji oljL^yi L^i) 4 _ pLu^iU <jjlJI 
^ Jj^=^JL» ^Vl oldj Ujj .(+, -,-,-) ^ 4 _ (jl^-ojAJ <J>UI <^cJI J 

i^i-JI ? a <«*> Jl ^i ^j^LVI CiljLiVI <jx. 4 h I" -\ ft II Sjj^.jJI SjLi^U ^I^JI 
fj\ dJ V (+, +, -, -) ^ ijjiuJI 4jli«j ?ft<^> ULc cjl .- V + ^j ^KaJJJ 

Ijlj .Jjj-^jjLIj jf^* ^ CX>^-* L)' '- |J >J (( ^.Ar' l^-*» oM '^ 'U-^J-^ o' 1 ^ 31 -* *^ uJ^ 

<Lq-lojJI ^J jIajVI ^ ml n ^ II ^l^-ojJl^ *^>J^! jL*j1 l^J CiljtiaJ jj u^ t\jlr J^ 

f^^JI jjfc JjVI ^Ij^VI (J Sj-iL^ *-A>0 ^1 Lul^oLi <(+, -, -, -) ij^^l^JI 
UI Lo jj^SH (j^LuiVI j-a liAj *8 J-uaUI ^ ^>j^I jL*j! I^J oUI^-oj LlLLS jij 

u 'ti> lu J <^i fl II |J_A J^L^-J -LiLoj a! LjK n 4\ fll iAVI jLa_iVI ^j-a J^-lj ^L^ 
.( + , -, -, -) (j-A ^jIaJI <CU-ucu (5»UIj oIjljI <ajj1 <J ^AJI di j (jK*^L 

U *S mjj^'i n 4 1.1,1*1 A y-aoiu ^^JLll ^li-ajJI i ujJ-j A ^Lj cflljJLcVI ^-Lc 
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<dli £-oj .6^a.j (J^l\ LuiaU <j-« LUai-^l cLj> i*J Minkowskian geometry 

di Ijj jli IH <lL^.V 6jjJJ U A^_il <b ml miI CjuujJ Lftjj jiM n. ^jJI SjLJI .<Uuij 

Laii :l 3 »1 m LfrlLaAj ml ^^jJI SljVI (_>*i-ftj JmI mt mi ^j-i-jLfl <pL-£VI (j-« fj-^ll 

^c jLajVI ^^LjJI pL-kiJI <^c < lAftlc. 6^i ,^-Lc J j 1^1^ II \\m ui^j ^1 LiJ-^j 

jj^Ji Ij^jjjj a.\j"JI I <, o J LlA ^ n n II ^oi <jIjljVI jjjJ <! j ^jj jlLII SjUjJI J^ota 

.jIajVI (j-o jjta «^ JOJU *JjJU dJjj <jLjljVI ^^-ctj^jJI jlia^JI js^i 

LljjJ (jj^-* L° jV>r " JaSti A-f-a /<jjIaII «L^ua-Jlj I ftfl *if. J^*^ La^) (J^O-^J (jliaJI 
<jl iJJj ^ ( al woj .^jLo^il j^-lj <(jl£ rtU JAJ *(2 _ <jl^-*j) JJuJI j^t-ji 6^"*J 
Jjj j-a^l^j <(jl a oli /j-Lc- J«J-i jj-^ A <Lii < U mi n a a_4jjjj 4 lu o" ^)S a i 2 _ ^jISmOjJI 

aj m^ II iiiLL-a Ciljl n. « J<miI1 ^ LjU^II C>H^J -(5"9 J^JI) uU>J' cr^ 
L^L J£ .worldlines jJL»JI LjU^ ^< ...i/u UL^I ^1 ^j <aJL»J ^^ 

I n j ni^t J"^'-^ (j" 1- ^' J^ 3 ^ ^"^ J^"^ aJLc- Ja^. J^J .^j-^jJI A^-AJ £-* (jK o II 

oi •u-*Ch' aJjlj ^-j» r> i n t cd j ^ j i a j mi -s II ^-5^-* o 2 t (j j rtj II j^*j p U ti ciJj ^ " j 

Pj «A II <LCj mi t 1 'i t nj dlj^JLi I oj uo L^^ ^^ LAjJjB Jjjl>J Jf-*^ aJIc i", 

^-o IpJ)^ 30) P J) 'A II *U-a^j ^>-6j ([>-* »^a.'^ ^- A re- 5 ^-fll '" ft Jl i^ -6 L-H-* ^"^"^«J 

4 *^ a o ^j-a. fj-uA U^ II IjlA Jjlajj .(<jJLjJl5jJI Cilj-a^jJLi *Uil Jl ^j- Ul?^\*J^I 

2J <fij) i A II <LCj_idU 3^^ j-^J <tt-i 4Sj^hJI A 9 n*^j * mi' Jjj3fc.j V 4_i2 <aj ni^i II 

d^^e fj'"?) 45 <jjI^j J^LoJI ^h^VI JaiJI ^ j-is j't<ftftll jJLJI LjL± 

djjaJb aj ,n^) 45 <Jjl>J JjLoJI c^ajVI U\ llj f/pj iAll <£,j i.ij IjLloj 

. ( P J-*AJI <£. J-UAJ 



(jLajJJ Jj^Ij^j ^jl S ft II ^jlju.j Ju^jp 
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<3-cpL*yl\ ^Jl oSfi J^ 



' ' r > •. ,i'#,- ■ : '"" ' ■'• ' r :','■ • ' ?>*■ ">"*'' •' •' : r:/ -\ '" ; - *''-: ■ " ••'• 




£-*>* 



£-*>* 



.iijljJl 6J-A ^j-6 ^J^Ij ^Jaaj aJLc. JaaJ ^^^-J ^U Ijj tP^&Jl ^j-o f\J-^ J}* "'J 

^ <jl£ Uli! - u jV»Ko ^jjtj ^ dj^JLll ^ 1^ pj < < . ? I I o^ej '(6-9 J^^-ll) 

Ijjt ^ flmt .<La*jJ 45 «CLjjIj i fl <<-i\ ^iUI Jajj Ai a II <j ft i**» aJ&j 4 *iS n o II pjuul JajU^ 

jJU. JajU-% <jV <<^jj^ (j-5 <tj^aJJ light-cone ^j .^ II Ja^j -^ n II Jajj ^ ^ II 

j J «>*" 1 1j$ * 4 j La *j' 1 A II ilLij y"j)hi m /j-lt ^JLj «iPj-fcAJI «LCj-ujJt JUti j 1 m l (£J-II '^ '^" 
/-1C oLaLaJlj (j-i^o ^-A LaS (j-ajJI jJj-aj j itu .u Ig-M !4 Ufl'i ^j-a |Jju pj iAH 4-»jjiIj <-ufiUui 

(>o jLjljVI (^Ljj £>^ jj<^" II I "t j I f, <4- ^jLi-o^l ^ JiHj LaJUj 
<Ja-aJ ^| j-i .Ujij ^ o II ^>J-C «jIj-luJI (j^^J 1^.1 J ai />>.*^ II ^j^a fcj" w ^jjLL-oJI 

^} .^"1 cLUaI J .(^L«_i)fl ^ <jj^ Lui-ii j\ ,vrJ JIoj) jLsljVI Lsili Sj^ 

tilli Lfl-J Jl-a1 <5jjia <ijJ»-a ^j! ^Jj <LlK ^LiLS-ol ^J^^ ^J^ ^<j-^ ''^ 
^ C)l i oi'iH ^j-iiJI JajjjiwJI Ji^i. ^jU ^Ja_=JI fj , , i ^ I j .JjjJI (jlc S^SJI 
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o-O-fl aJLc -U.A. 




•\l£J 



t *J» 



laA ajL <j" nifl ^jic. <jj^j a j nn djjaJLi £,1 4ai ^.l&j (£.111 ^JjlJI ^(jIII *LAflJI ^s .6~9 JS u Jl 



A ^.i^JI ^k *illo «^^klU -tjlflJuuO ^1 il^^VI ^J_^ukll L^LaJI p m«j 

<A dujj ^111 ^^ukll L J> L-JI ^>-^ gJL B jl£ LU .7-9 J<,t,1l ^i B j 

idaJ „J j^lUI A ^ &j*ll (^Lu V .C j A jjlli^JI yi Jiiil «jSflj -B 
V IH «A ,jJ <Uulj ^ill ^j .Ali iajj ^ n II £jLk I*-ilj ILLl C <jV <C (jJ 

jAa> i \ I (j iA* i U m^>j (<Liicj /gAj) t^ill lajj-a-oJI Jj a <ic> <jlSI^J| <_£^k}|l laULjJI 

^^kVI LUiJI j-j-^j) C jA <^j£i V ^^^ ^J «causally related ^ :: .» 

e « ° 

lC** * ^ * a Lr'i U^O^ a mg > /U^j) (A II Jaj^j ^ o II <jJ^ *LLlL^ ^jLi IjJ (a la II Si >->, 
( _fl <U.ft.aVI «ULJL «LjLlL^ Iihui ^jAs-lj I (j iA> t lajjjja ja£. jl .Ljuj-a ^Jj^VI (jja 
<j^* Jjl^ <A ^ (£^*- (£dl\ djJ^JI <jl£ Uli fjH-aJI Jji m ^^ItJ .aJL*JJ I a a$ j 

^J_^JI Ljj \ . 1) f n. i J .7-9 JiAJI 
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•C J[ A (> JU^VI SjLiV ^ V «CV 



iKJI 






JJjJ LaTi n inj jffjJI J^ijl ^ ft II J Jajtn-% II j2 <La J^. ^J| LfljJLft J)* lm La jdJ^ Jli 
frl lAtflll £jxi ^-jllujjJI 3>^" lt'I (J*^ (J^^V* "'J *(j£^L*-H g-l 'Aflll CjIj n"tl -Sh (^J^-fi 
^ . ^ m,K J^-^J tf^fi J j^'"J ^jjJI <-o-JI ^Ij fj^yl^aijila ^I^JJ ^JjISVI 
<J (jgjii-ll <{jl5LajJI /c-^J j'*^'* cH- 1 j-^' '" ° J <^>?l J-A * lJIa loaJI U-^ II iff-1 iA>< II 

JkjaJI ^ji 6jii Jj-s-3 I j j I r (jj**^j 'o m JjS'i o «i ini\"t ft ^-Ji <*lLj»j_L «L-uiJ-Ij*» 
.iLiill 6dA ^^i. ^ jcLuS Castor and Pollax ^uSV^jj 

Jl1£. ^j^ ■ £ fl JJ i-^lj ^"^ "' a ^' (I)! ''-'J. ' Lf* O^JJ JQ>" Kll^ (jl JJ) i <*i" J I 
6J^Li-o J j » t J-ftl^J <j^V^J '(j^J "'* ^J J^-ljJI 6jMj-o uU£. ^1^ ^j ititJI 6J^Lx 
jkjaljuj l^JI jjj-uil^ 45 jj <<la>j ^ S^^La (jUaJjJ fj^^Ltiil^ *L^Ll J-a ^jJ^aJI 

Joj f Li^ ^1 l^JLo Llu/^ 1 000 000 000 ^.^^uj l^JiU. >Lu4 l^-i 12 
jjl^ili jiL-o oi^ j^i I^JI J^aj j^lll fjjiijVI ^1 j^aj jk5 jnterstellar ^ ; f ' 
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.jj-ojJjS £jjJLhj£ 8.8 ^Jai ^jmjSV^J <jli (j^ILujISj ijlu'n L«J^J 'U^J nii II j Ja-I^JI 

laJ <j_aJ ^jlSL-o c?^ lt* <1>^? H ^ ^P^ o^^^H l>M o^" 1 iii.IL SLLJLa LAjil^j 
.pLAiJI ^i j^j-a-11 ^>jj^ ^1 V <u-«jJI jjj-a ^l interval J u=>U II ji>*j <jU 
4.6 JjLaj pj-xoJI *ll^j tj-*3 u- ^>l^j) I jS (j^^^H 3.30 <*ujj u" II oIjla/^Jvj 
\+> f\S Jli\ 4-U.jJI Ji-j tf UI (JU1I Lk J tfji <>4j -(8-9 JiAfl) ^ 

^a j infll iLu^li J^L5j j^IjuuIS J^La-o iS^^- 0'J^°f U^-*-" (j j U~t II <jjj L >i4SV^J 
IdJ jJ ^"^ ((j^jj-ujI^ aJLc Jaifc. JjUj C£^"") J^f-^l C5 J ^ C L>^ f J*" <nntl K^ II 
<2xj£ «L^-jllJI 6,lA P- j-uoj .«LjjlSVI Llaj^ ^ J^Jol 5JL^.jJI «Lo-tu^ ^jJI -LaJI 

6j^uti IjJ :4J_uj CjojJI ^ L»jU jjj-ujL£ JIsj .8-9 J< m II 

.£LlJI tiJLlj JiLL (jlSLo ^1 (jJl ^iLuo V ^Aj fil^u abj>j 
^5 j j r. t ^0 j n imj ^>jJJLI1 (j j* a ^ II (^j interval J_ne»UJI (jl 

Lal .fSdA.lj ^*i luj ^ILa j I jS QJ>-* l,»^H 3.30 (^jl -j *6J^Ij-o 

(j-o <XaJL 93 JjLlj <-C>-" iJ <ia-j ^ jiUlji (j^V^J 

(jjhJj^j 8.8 jjujI <loii t J[ t^jAJjj ipj i A II <£,j^u 

J^aUJI (j! (jJc jjl^l^ Jiljp <iSU <ji.l (jKa 
3.3 jJb l^-ui <ojL» <Jj-i-ojj (_^ojV' <CjjuLo (j.*j 
4.6 CaSjJU-j^jI <<jJ^ij (jl j-Cf t <j£J (jjLajLS (jjiLjJ 




jl^JI 
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;«■' " 



?3R 4$%£ 



4LL^j-o /c-fi-fi t * f *Li-oJ&l ,—A pl .oaJl jjjo ^jlS-a^JI j-i-aji (_£j-^l 4-A.ifi 4-oj 

^J J-^jjJI l*iVsnj jjil «isiJjVI jLajVI JJ-J^J C5 J ^ CT^ OfJ**'"* OJ^-* U^ '^ 

Joii «jIajVI £5515 o^-O ^ M^° Ij»>a1u-o LkU .analogy («j * ■V*ll) ^LUI 
lic ^Ul <^jJl ol -(9"9 J^ 'm II) <-^j-« *j^j **"> mi ,.> t < ^ II li^-li *jLa_»VI 

.4-AjJL-a a U^ 1 ^J (JjiJ-'l O"* <ia_Lu-±l-o Sp^Lo <jLj «LjJ ^£i .SLtaJL-o <JajaJ ^^J 

^j^JLi a U n II 4^jJI .^jKoll (ji^&j ^-i j-Li <j|^ <j|f»Lij jnflA jaj JJjjJI Sp^Lo 

(jjjJI £pjLo ^-o u-fl^^. (J-C -L>' i J II «—L-a_aJ < t mlj ^JLc JLaj) K -s ^-o ^Xj?^ C 
^^LVI <ljuj]^i\ Aj^-jJI (j-° J^-fl 'Ji-aJLjJ '(A <^.jJI 4>> J^lj ^-fl>^-) <^l "ill 
SpXJ tf>^VI <i^LH| ui >> ^VI J-a J^ LUlJ <J_cutj ^Jl^£ LjU^ ^ ^-S-ljM* 

•3j^I 

f^ya J^ ^^ic ^J-^J ^yJ-11 ilj-^.VI g^J n^ <JLJjVI <JLjJ\ji\ 6j^.^JI (j^i^ I" 

tjf (j-ajlilJ fMi-oi .Liil LaL^j ^^jJI a Mrt^ll JjlijJI J^Lk Jjl>JI 5pXq t-ijL>^- 

jjj^l Sp-^La o^ij f<jljjJI ^—fl .Jjj" <5j flj JJtj j\ m j II t J-d iijL? LS"^ CJ ^ 5-Loj 



jjAaj j^r. ^o jlk^ (i^^^^ll I1a ^1 ^>LJ ^jUI *twin paradox «^lji.11 S^^» ^lU.^n jjl (9) 
^1 (j-ijVI >aJ» 4"ni ... i <^1jJ (j^V^j ijju Lajlt V**j cff^JI ^jl— jJIj deceleration JLLill 
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(X>JI 




(>^JI 




<^.jjl .!() U ii.j ^i ujubjI* £S <J£jiJ1 j K U" Min <l5jj Sp^La ^^lc Jf* ^^Jt u >iuu <i*i .9-9 J&wJI 
j 

{ya j-uijVI *-i>aJI CijLlaJ «LLlIII (jj^* (j! Jj V *La JJ^aJ ^j .3 _ ^it^ftli ^j-a &jl*l\ <+jl\ 

.(C) 3 _ ^•'soD Jilidi ^jJ' (j^- j^ <k51» £j^a!I *dJj ^1*^ t>^j «Sp^LJI 
^,1 dLla jjlj (jAjIajJ .dLlA ^iaj iloij (jl <£,>i til f^juoVl ui>*JI jjL?-jj L^l 

<jVI Lfl-oJLt .La* (2)1 .JLlA (jp^-AJJ Sp^LJI Jo-ujj ^ I fl t j ;J <jX i^LijIj «LLojJI 

<jjj ^jiJI J JmwV .B <^j-ll ^^ ?UV» >$-ks <ts>^ <3^ J ^^* ^j 'i^l; 

.(iUill 6l i^j C ^j) time-like «^L^L 
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3-ojj-^u (jjilll <3— oLa^oJI 6,1a ^-0 (j-ajjI (jLi f^jliajJI (^jij .(4-9 J ^ mi l ^1 

p * 

{jj* jLau»VI <L»5}tj J^UI'm ^jLSilj-ij <LoLftj ^jl \ \\ *\ t\ Lo_A <Y j X (jji^aJL» I \ n (j 1 II 

,10-9 JfLAJI) ^I^JIj ^lalaVI 6W 11 ^ - <^^ W - u^*" 



aK*ji 




3 _ <l»l<n Jj-*J LaJIa LoLoj (<i^) jL«-iV) <*J^J jali 'i n jl-i £JjLj 4 _ IJl^a jjlaj .1 0~9 J^-ni II 

jic <lJ_^sVl icjUJI ifl^iJI j_a <X ^t <3 - . T t^<rtll .ji-JI <jjLjj Jjj S^^La ^^-La <_L_J J>a.j C^J^ 

«<Jjl ni n Lh^A^J <Y (j\ (3 _ ( T H*\ft1.l <ifllj-aJI («Lfi^iJI I \ ,^-\i IjJ <<3jij Jjjj nir *A*JJ .£Lm^ 7.00 <£.LuJI 



«LcLuJI dlc <Aj^uj <Jaa L J .£)LajJLj 4jt mil Z <ljJ>^,fJl (jjSkJ ^— IlJ 1 jjpucJi <jJllILa <la-LuljJ dtlA >■,'■> > 

jji jUS'i^ <-^1j t^J^ a-Ijlj IjJ t*UjiJI <J^i.j pLjj! ^jj-tM-oJI (j-ic. <ijjJI J it itu ^ j j taj S-Lui-a 7.10 

.^LflJlj ^IjIjVI u^>>!1 ufJ ££>*JI ^Jjl^J J?-" J^ -^jiaJI i^'Snll .JjLUI ^i^JI 
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JjLSj 1 ft \\ n LoLaj i(L& S^. (Jl £-"0' J J in$*M Sjjlj Lfr^^, miI.mi ^-jJI £jI J ^Vl 
^Loj ^ iiJLJLaJI £jjl\ Sp^Lo jLjljVI ^MjJI o^*>" <j* B J k o±ZJ>~ '"^ 

jjljJI ^^Llj *^j lH cr* ^^J K-> (j^> ^ 1" L^_jLi IjJ (^LojJJ jjuj ^i iiKo 
• jjjjl SpjLo <iLx ,_$ CjJj^. Lo C (j*"in 1 I a i t A LoLoj <^, ftjii^ II 3j A> ""*'' 

fj\ <Jj-5j -(jVI I o *i ci M (c^JI iijjul (Jj-o_» ^jl^tJlj 4 j i mi II I Mii^rf, ^j ( j < oj"g't mi 

Cl K J Lodltj .P- jli X ^liaJL 4\\ mi II ^t^Jl <jU IjJ <<£jli Cul^ < Sipili ^Sj 

„ ^ * t t <* „ s C. 

^ >$-laJ dJ^kj U-°JJ i^Ai A-U3 Halj <jU IjJ <jljjaJI ^ LL» CjjI^.1 *4ijJlJI 

J» * 

£1^0 iklill Jlal ji) iHa ,X ^iA^JI tjSLJj <<jU>^ A l) "^ lM-**JI ^A^-JI 

da-Sj-o (jl J>** '■! <L$-ji da^j J^Lk. <3^V cJaj ^ iijjLll h <^^i lalj .(dAil 

^Lfl <3 _ <jt£*j LT* J^' >* ^J .(jlioJL <UJ i t. II Y ^.^ftJI ^ j^V lia-a 

4.1 i i,JI O» 1*S a " ^j-O -^»J J^-iJ 4Ufl\ t JjLflJ (jl i.I^ J Y ^ X q 1J *\ A, II ^jJJ JL>^ 

" * ■ * * 

cr ic d^l tjl aji dKV 6ajjJSu«i LJ djlj-clj 4-A5LLJI 6J_a u ^j^ LlI 
iakla ^ itill jl <5lUI ^ <La^lJI Jjjj Lojl»i .^La15 j_jic.1l <_uoj^xj j-^illl 

£Ja£J1 jl) 4 j 1^ II iflUJI ,6j^-uaJI 6JJfc ^aS^ { J^- ufj a ^ pj^'^ "'j <p! i^ \ H ^ 

^ iUaia ^ 5lKJI tsUJI ^<" m X l-^aII ^ (E=mc 2 <5MjJI ^ SaJ^JI 
41UUI dfi ^ iiLUI uj^^- Y y^^t ui <fKJ <3UJIj «oljJI yJ pL-kill 

^jLo^JL j (} j i iii II Cil i * *S ^ II ^j-J 4 j K II 4J5LlaJlj .^Uai rt Cj-5j ^-« cJ^^ 6^ ^^V 

^1 i, i n jj <<jjjdjaJI L^jIjJ^. JiL^ j i U U II (jj-o j\ t^l iiLUI (Jijj JLajL^j 

(jJJW^nll ^ <iUJI 4jua£ ( ^ij J>iJI (j£- V jj < <i-fl <iliall ^-flLufiJI jijjJI (jJ^J 

.Y j X ^jliJL ( j4^jjlA1I 



facebook. com/ketabme 



j)U«\ 't Jf Jj^,J .«LlS a j) ^ 'n .11 j JaUBuJI 4_A_a_Alj ^jlS-ojJl *tj-*-J c_jL»_lLujLj CjIAj (jj^J 
i fi n,<" ..i J .< ,r>U II <L m lll (J?J±!\ «j o m (^it H II j UT ^1 JjT L»-* iJLUI SjU^II 

ij-Aj A^ K pLj-i-Lll ^ SjLiC >$-^T J-i-al ^£. ilAJLLll <LgL$JI 5 j U *% II 6jj& dJ 
6j_A fj UJ j'>r> ,n s j U ^ II 6J_a 5l f^ <c 2 x iiiUl — ilLLJI jT <E=mc 2 

■J' g g* S S £ « 

** tf «. 

."USJI = <jlkll" ^J rlj^ -U-uJ l^U <£iJT Jfl ttj^ QJ" A i J ibU- 

0-*>"j interval J tA a II ^^ tSiLiJI jl i-i>*j ^^a^ *S w >-JLo ^-jLIj Jl n*"* mVI 

i^c-A <il i n oli j 

A-JJ-C /c-^ (jJ-fljJ^M MS A 1 UI g" V ii^L»JI 6J_A V-1-AJ^H AjLcl Jfl lll II jj-C 



2 (<iLu^lt) 2 (Cs>J) 






2 (J^UJf) 2 (J^LUi) 



f J m> g) £Jl£ ^ it^JI £la^ <ill£JI £J>aJ t^J-flj-LJI }L£ ^j .A\l fidlj .AJLJ 

i^l wi^j A^Tir .f (_gj* im^II <*J&jp if <\q t<~i f^jjjljijj Sjj) <Lti j^j 
2 [ x <1SJ|] - 2 [ x <K1I] = 2 (<KJI) 
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J-uaLa> £x£j <<jJIaJI <Cj-uJI SjLijJ < I tl iii ft J^ualiJI / iflLuj-aJI t jjS uj hmj 
* ^ ■? * 

t (3 J .^$11) (i-kiJI £Uj-jVI LL^juS Ljl .m o 5_cj-ixJ) ^ 4 h< II ^j-io 
^ J^Ljt ^1 .^LiaJiVI j-j>-oJ relativistic <4jj L± H IjLuJI ^j* j «J ,,.11 

j-A <3 J i^i^ll ^1 L^L> L^ *f^3^^ ^/^j-*-" olji"ti a II dj±\ Jl .^jl ««i* IL 

Jl^JuVI *joa ijJ^ 6^-°i f^-J^ ^ C^V ^^ ^J <«^U^I1 ^UjjVI JaLiaJl» 

"'o " 

<ULa. ^^k: ^"iu <^J^JI ^Li^iVI tjU ^Qj^ '"> f>jL*-aS J^C SjJLjlaJI d>la^.VI <jj 

t^-jLj Aji uq-j II oVjLa-o I 'i * t f* Ijf Sjl inj II ^ JjVI ,A.^ II j-A Lo {^Ll 

j\ \V\ ^JjJ I *Ajl JiaJ " J i oU II / (j-*>ll X <Jj£JI ' <-A-a^JI (jl da-j LULi (jjoj Hi-^ 

6J.A ^^jjj dUa^; A tSLLJI tj! jjfc <3 J_*-aiJI ^gl LijIj Lo£ «pL^AU >*■! >j^r 
uoj <:!j <<llkJlj J^^UJI/^^I x itUI ^ «JLlkJI i.i^j <g! s^ ik^MJI 

oL!iL I .Aji j^Iui <iLUIj "J-uaLLll/^^l x < Ti< II " ^ <ijLL-eJI ^1 

pipi iA"<l J^.!j .AjL-eJLll ^ L*-a-il < k ^ j a *^lixi^l ^i JUJI j-A La^ <L^1 
(jI^aJI fjLi jaiiaJI uaj LJjuo <Lj! j_A <J <^>l Q II SjLlC «LtJto ^^jJI (SjIjjiJI 6J-A 
La (j j S jj< 4"i II uaj <J5UaJlj ^IHI £lijJVI (jLi (( jl£-a^JI ^ ^jldij-o 6^^'j 
a^juJ _ dJj ^^^ La Ijjlj (jil _ <Ul£, 3-liaj ^1 6^°^ jLaJlV jjLfa.j Lo-fl-jLi 

6dfJ Uij ^'"^ lt^' '^J' ol .momentum energy ^Uj:VI <5LU ^ hjlr 

<6ja£Lo V («LflLjLuJIj J>°jJI tl>° J-uaUlI > T t mi^ij LJlLo ^LsJjVIj <SUaJI ^a iljLaucJI 
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^Jl <j1 (jAjiiil .4uSL^U1 \V\yft\ ^1 <£.j-uij JUnVI j,Sfl Lui^ 



- 2 (i5UoJI) = 2 (iilUI) SljLu^JI j,U IU .Jjiuo <nU^Li «IjVi.Hn fj».. ? ll 
Jl S^iUo £ tul«VI ln<ftj aia^j « 2 (<ilkJI) = 2 (£i£J1) C n ft - 2 (gUijVI) 
^1 ■ «*< ik^iU IlIc oIjlIjj .«tiULLil Ljjl L> Ijj*j <i3LkJI = iilill 

■* i* "* c ^ 

«_a S J,a * &J1 (jl < *j 11 4 nU'tj I 6 j ml \ n ?^j"'^ ^^-A <JVtl llLS ntVl SjLjlJI 6J-A 

■< 11) J ?: r,« 

■ (jjMaK'n iSliJIj ? I Vs II jLlr-l ^1 (jl^jJI LiiJ'tfll Ll3 mljj L3jL5 jU 

.^«Vi taklJI dt 5JjS jjLa <<)3U\o £>* <5LLJI oilaJ lj| <i1 ^l"Ti mVI liiltj 
<jLi <<uL&*JI ^^jil {jaj .alaJ3 <ikj-JI <££ ^Li <<£kla ^1 iSLLJI oiijj laLj 
^IfiS ^ 3>JI *Sl3-i .iuUJI fL-^VI <^i Lk <JL^aI «^ iisUI ^ j^iJI 

^i pJ» ifl^jJI Sjl^a. <^jJ ^ Oi^ Lodlt J^i^JaS 10 Ifl'IVs f-flJ-* <LLuI 

- - # 

J^j^lo (jjolo (j^a *>?* 50j aI^C-j^aj 50 {£j-m O mjl ^iK 1 000 SjIj^JI <L^jJ 

^yjkj «subatomic <LjJ-ll ijjj ol «j m-^ II ctLi^ijZ SjLtl j-jl_H i_yj.ll «LSLLJI 



.IjjajU V LJL^ ^**j SjLJI ^1 j[ ^J^jilt J>'>^ o - *j&* 

ljlS\ jj^i IjJ ^L^a^JI ^JiLljJ ^lln m. LAjI LaJh ^lA liLiaJVI (jJ^U 4jl 6 J .^flll ,^-fl UjIj (H) 

frlaStl di j ^ J < JjliiJL Ij^-a^a l^-*i ^jj^^-A^iJI .,fl.^" (jlJI _ The Secret Agent (j^uJ\ Jj-oxJI 

■ ^.nid.'ijjl JyjjaJlJI ^plc 

^1 ^ut-h S^j ujjJj 540 <iLua[ ^^-«1^* <jLi *jji=JI oljj JJ-*a «O^ ^^aj UjjjU .dllj «-*j (1^) 
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nuclear <jjj±1\ jLLAiVI .^jjljaaJI uajIISJI ^\ m"» j>?-q {y> 1 <j j I c . J <~*\ 

r r ft m j Ij-Aj f^-iJ^ajLua <j^'J-^ (j-'l *J^ *\>J 1 ^ j < a m<5 m <Lj-LoX. jJfc TlSSIOn 

235 a^ijIjjjJI (j-* cjLfll^£.^Jj^ 10 * <A-s i LotiJ£.j .SjjIjJI <5LtJI jj-^Ji aj <j-*j 
IjlAj tCjLol^t 10 Ujd5 £££ 5jl in-% JjL53 5jj^ oli iStUI <jU <jlUmWI ^ 

4 luJlL^ IU liSLAj .a ^ aJI jj^a t jia u-Lfi 30 jj-i <j^-ilj 5 jj -% n II <iLUI p^I^j 

.<LUla «L^jOJ <JLii 



pliJI ^Jl <jVI J^""*** "■ .«L^jLill cjIjLx«JI itsLtuj <j-°j <g-j 'A II ic.j-uj jj& <^ ml mt 

^J <j1aaJ| 6JlA LjjIj) <-*fjJaJ] J-acI f4"* (jF^l J^>" ^^J <>^l ^ " 'l " 'l Culj 
SjtVn tillj ^J Vt 1 m jj^j <6jlj-fr.ll ^^rtKjftll Pj^Jl^JI Lila. <jj^ (3 J n"i 4 II 
CwIjjJI J-Jlaa. lJJj^ I m J C. <jf*J ''H ^ t$~* *^" i ^ ^^ .(dKnl Mjj-ajlll ^J j-oX.t 
,-JI jLijjVI ■_' i J LaJI ^ ^JJ £ (J*^'j iLaLaj 4 1 j j U II Afl &J m ^j ^ \ 9 <jj ml mVI 
«Uji J^l" im ol JAit jij .J-uaiJI lifJ ^JLJLaJI L-JiJI ^ ^^jJI <njhnll SjiiJI 

Einstein's theory of o-jjLaJI ^ ^1" £Jui <-f>J^ J ^general relativity 

.«^hiVJ Aj^ti» ilaLuij JSa J «gravitation 

liijj .^jUJI j! {13) (/ l5liUI oaliJI ^a ,^U ^LmI cJSj jlali ,^JUJl 

^jn n mil (£y£j-&J a m-% ^2)-^ ^LjlSLuaaJI 4jJ^* I ft ^*»f ^Jl «y* «ul M H i-JJLJ^ .a m -N H 
6j-o ^jJl 336 I (J J l"t^ ^JjJI t^jiirt mJI /<jjjLa»\ <JLjBl* 6^5 ^jli <^jJl1jj\ mlfl U^jVlj 

." 2 15 ^ 3 r 10 11 x 6.673 ^GJ ULw il^LJI o^iJI (13) 
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:' 






#L ^jVI (5jjjLa.) <JU5 5^5 ^a 5j-6 cJj 336 ^j£| oj& «(j^jVI <££ <j-o 
L^t <^ <S^o i^U 336 _* jj3 jnnAl LL^j ij'mjlft 4.41 ^jb o^jVI <il^ 

t* *"^ tJ-°J-Hj lL^^J itiJI (j£. <jVI Lj>J£> lijl -b^-^Li (jl ( t i^JJ .jXa^L£ 1 .48 

£Pj-U t .-4 -i,^i j ^jja G uri nl l II CajLljI I 'i 6,1 ^ LlJI 1 «Aji Jcl^^U <jl <-l j I C ■ j . J-fll 

* j fl * <La {S Lx ** <LJ _A /JjjjUw) LIUlUI ^jLj ^-a.^ Ij-Aj «(J^jLJ-h ilUHJ 

tji Jj <S^-^ <j->nl ml <jlxl&\ (J\ L$J J)V V pLjjjbJI fjl j4&* G 6^j 'C/k 1^0 
tj-* Vjj 4 1"< I I (^r. jj;«"H (cjLqI>cjIj<II <}H-a) *4^>^ ^J IjJnlf I Lii}L*J 
UjIjjI ^V^flJ <k^M-o j-aJ ^jSJ .(}llo <^IxJl£) J^kJI ^J <4jtj^U1l Sd^aJI 

Jt tj^-ft-aJl (j-a ^l^ Lojjj .OjjJiVl 4 1 r >, 1 'i (J II J^o Ltji ^L^-a^JI ^i illi]l ^ajIj 

--'i-* ^ *< 

«LsjLuaud (j-a 4-.oLnJI ^ * * Lti-UI Q< im 't JLJU .J f\.r I I L»J_clj_i-u ^jjt j n ni \ m 
Slj^ II ^^J LaSl < a. I A II ^jpfl 6 j^j d < n n II oLfljl i^> riil .^1"^ itu il A-a CaS< ^ ^ 5 jj () iti o 
Lftt f^ldaJI ^xj L^-oC *L=kZl <4jjLxJI SLpJI ^j .CjI(|j<hIL La j J <laK o <5jjIjiJI 
Cjj^ <Jl ^Jh La J J tr\\ (>^ ic^' ^^' t^nllj .^L^jyi J^-J La^j&C <JkTui <aJaJI <-i 
^yi aluo mi! La IjJbj _ d^Ll a ni^ iajLLa ( j £ - JJJ*"^ <J^JI JLojlLujI _1c SjLjlII 
t> JfAJuIl Ujill oIoaIcuI LaJla dlJjj _ f ,„ ? ll «<JLLaJI <i£JU 3 J.^ill 

.G m/c jl^iiJlj ^ ^jAjn'iun (JuJaJLII <^.j ^^Ic (14) 

«liAaJI Jil jlai v fl.r>\ ^ ^^J '^^ lil*i lj[ Lal .4 Mial'iA.11 &^A ^ »ljj_cJI >_jjiMl J^j^ V (15) 

^o j " tft j|ft 8.8 <iLu^A Lr lt jJb (j^jVI <Jj^ (jjL*jj «GliS j,^-^! i_*5j 3*1 ul -(lL^' ^* iA '^) udA* 
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.* nt-y II ««uUIVill <il£JI» ,, n m,! Lo Ijj&j f^JLiijG i^jIa. s^Sjj jJlc a ih^ 11 SjjJo 

^j^ -a 1 Jj^ul /^- fl lj-^lj ^jl um <JJJlj 1 j u^au jJLSjJI Ij-A Jj-A O^ 1*1 II (£j^. J-Sj 
J^Jj tj_j-.ii LaJ& iliSLUI <H£Jlj <llLkxJl iilill Jl S^jL (^^^ Ij^Aj <^>->^> 

6 j, it iLi r> j-AUa i— U ml JjAhj jLfi <LlJjjL I * t i n IjJfe ,-J> (£j** «o duf Jl* V . In i irfilLa 

t. «C 

.<ijiill eiJj ajJj3 (5 JJt ^JSliJl 

LjIj diil t j^ j 1 £ i I .^j^.1 J, \ ^ i I 4-ijl ua n .11 6JuA ,—11 ^j-jl " mi Lil J *i" ml 

I_1j1 j ^ 4 <VjL-fl .A-jjLa j-jjC *ig-£* 4— o-» (j^-J fdlj "\ "t ft JL* i***! n ^^ ^jljj-^j-o 

u.^ mi II rjLk «pLAiJI jLacl <_*"* Lj«^*-*-a-o l)1^ jJj .(11-9 J*S i n Ih ijujAja Sjill 

LjjLfl IjJ .1 <\j!T\ m ft 1 U*** UJ^J ou S^ill jLlu-o ^jLfl (uj^fk jl >>*» ^V £-jJL»JI 

# " ~ 

fjM p^LiJl J*^ uJI J-Aj <fi Lff iKo * U"fl SjSJl jl m n Jl 1 ** 4 utuSl j <<A_ij-LLi CjLI in^h 

Jj^ ^jj* L2 * jilfl() n II j (jjjJhLoJI j-fc£. U jj\ Y\r\k .«tn i/>nll <^)A"k j SLaJj 

IjJ .J^aJI J^c <IULc <1a^Luj olj-»4-2^3 ^jA-^, Jt^j IjLAj <La-o «Gjln^jj Jn i^oJl 

P j J | \ a Ha 11 't LLjLfl <{j \ o II f I A.*V LaJj *'J-^> Uaj-S-ui J fi mVI jft \ Ufl m\ LljLfl 

^1 Lja^I (j-o S^ill v_iji J^aljJij <UjaS ^jl-AMLil LJ <a.U-J1 Sa-^jJI <L-ojill 

iaiw J-flj j j mm ^Vl S^JI jj| ^jJ LoJla-C 0-JjL-ii J^AdJ ^jL^aJ I \\<i 1 .j^kVl 

J^JI JUji nlll ^jjJl JlU .ijajUJI <Ui AdAJJ pLAi ^i Ll^ jJ LtS (l^lu A^i3 Ml ft 



.4-10 J^iJI ^l .J-^aSLi £jk3j *SjSIj ^jkij *4SiK* ^^k2 JJ 
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399 £td$& : i 




^a N I -a— 



"^ — a-- 



>*■ Ja^i^u 



a F 3 — i 



j~%\ Luj^La lAil£Lo LaJai L*5i1 o-a.13 5j^ jL-u"> (jjSLj <(IjLluj) jq" m a jj <^n ^ .11-9 J<mH 

/L ,..j H j—flj 1 . A 1 1 I A.a" ... ^ I U 4. LAjI-ijj^ JjSj (lj^ Uajjj m JaX^m_> J.i^<3« /e- 8 J ( la "\j" t*"*) 

jl di aJI 4JuLt-6.ll i y^ p-^, iii-t jj-i^j p' i A i j 11 jJjjLj^oJLs .^jj..^ L» ^jj n tll .-a j^ ioII J-cujLlu £j±£j 

fj-ut]j^\ <JU^o ja*j JJl^uajJI ,jl ^^1 ijjL^I JjjLLuaJI i^JJ .^LmJI A* na«Jl ^ SjHJ £lil£JI 



£lfil£-JI jl ,m Jl o 1 ^ 'u"" '"II c^ 1 " l^ ^^ ^ u 1 ^ jJj !<^uLJI jl^T 
(<j^j U3 iiij j t ,^> Jl jLua Uajx. (^il <si^ ji^l (j^j^Ij Ij 5^11 parabolic 

•" w * J. - * 

Ljjj! \ 'S n i 9 (Ll^ I n \ J -% <Gl j_A lj_A £)-*> 4,dnVt (j£iUI ^j^ijjJI .a j Q*i m ft la_a. ^Jj 

c * - - ~ * ~ " * 

<jt£ jJj .l^a> LL^JLlu tnSnn iJklo P^tltl Jj^i» Jjfc (SjtjjUJI) ilUHI jlfil c-flJL^ 

j\j>m LaJ .<jj-iu Ini inj Jt i<*io ,^-S 6^-aC JIjp=» U^ l '- C u' ^ j. 1 '" (j^»"^ "' Jp> 

* ''O* 

.iaJfl j<*;j <jl (<jjjL=JI) 5JLSUI *jfl^l 
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tj^t i ^ 1 fl j I f J 0*1 f tj (jfll mi'm! aLjuI 4 mi ftj n II iU^iLJI 6J-A CjjLjI 

IJjlaJ A ml ui)fl ^_gj*t^ rtll jJfc liAJb .<_A-uj_»jJjJI pL/u-fiJ! (^joS ^utAj 4JJ tA i m Ij-a. 

^i (^jj-^al^JI Jj->"j LftjVti «^Lk <^jj .principle of equivalence jilSUI 

(j^lft* II (jAliuJ (Jj* "^"^J <M {** fl tLJ <a (j -^ M 't 'l JjLiJJ p! ujI i-Lll ^ljJ2h.2 {* A \r I .^. ^ 
60A jljj[ I Vi^ntj .ia-aLaJI 4j.t u o II ^1 <jjjlaj <J Lljjj (£.111 ^jlieJIj ^jLojJI ^i 
,—A J-oj (jlfLa^JI 4 j 11. \\ A (j[ :^A «-ufijl /L rii„\*i A ^J»LL L^J CjI "s Ih f,n n i ^^CjJI 
Jii IjJ -l^>^. Uaj5 mi ha uu Jt inn (£\ ij& (fc^ «"9jV»*\ <LujdlA («-Aj) L$ 



&j 



j t (•*> ft ^jj| ^_^ ~ «^ ua 4 tf*A ^h II «Lu uU 'l— > J) 1 3t*j * I A t fl 4" in fiLl^o LlJ j I m *(«-u» 



^ J# 



?j^-ii ^ jj< flj 11 j-a j^i" i*\jSf <j-cla] ^>isn j_a ^jji jL^jvi 51 J-u 

t-i^j^ ^.If <-aAji o I ^ J J f, 1 *" Lf"*"" <^^l "w mi 4 *% ULa oJ^-* ^ (^LlLaJ .^-AjLo 

s $ % 

< a UI i L*? .lo^. lo^. * Lj f-jl mi t d j * <o n Lj-i mj (sjyj JjjJLt «asteroid 

jlj-al 5 j Mif j^ "* gjl 1 1 "n (jgJ* kcva U^ mu JgJaC (^aj*i\ ( A£- Cx2& ^* Lf^ '" 

l jLLal 1 6J^xlj 5^Lj i«-J <Jajfl <i> <X.j-uj (j^J I J-l) <-XJj-aJI <_juLUI ^ 

4 miJ'iA <j! •(I^>^ j»J^J («UJllll ^-i IjIa 20 <£.^-uJI i-ip * t jjliJLi dAJj (4^1111 

j; 
<l*t On infl ^o J^ ^-i _ .X Mtflj*\*ift 4 uudlA L^jI ^1 - flat ((4 lr> m\\ f\)) jjlS-OjJI 

.^IjjlSj ^JJ 4 j mi'JL jjJjj (5J^* *^ lti y °^ 4 miJ\().II CjIj Sj-JL^aJI ^jjl5j j^)^ 

iiklo J£La :(12-9 Jl-uJI) j^illl ^ j-laij Sj£ jjhii" iljU.-o ^ ^Lflj Lajj 

Ja-u^j i. 4jS ^^^J JjjLkl J_L j ia &j II ^j-o CiljJ-uj ^Aaj (JjLj-uujI 4-aJLc ^jJI 
</vr* \ - ^jLa ^jAijSbl ^-9"'^ LaJLlc. ^jAh u I (j ii^fl> > h mi'u H ^jlS-o^JI JpoLLo 
<4~=^J t>» c^»jVI ^jit J^wjaII ^l^-oj wi-i-aj u 'i VS a j SL^la Lj^S - Mla 
4jLLj 4*1,-1 a mm (f-J-C- p-I o-ijul Kj^ *-° j-lj^u f" j *» ,\ p»j$ A-» <<-! iS tj^S jiLj 
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■"*$* $&»' 










<kii ^1 ^i ffUJI <Wk«JI .12-9 JiAJI 

i» ^ 

jjIjJj <JJLa-oJI ,j-Aj) <jAjJL5[ pLu&JJI tj-e 
(j^J .(SjiJI <j-a 4 fill-l n JalSoj <LaJ-o 4l-> mim o 

■* ? * 'L "£<* ».* 

Jsuj <f^ <-obJ1 4jjhmII ^ ^l"i m'ijl <J^laJ 



ujUm »nV eLIjj «spacetime bending <jl£*>JI lt^ J^juS ol^tj J^U j^L 
(3^aJI <j-* uV '(i^ ^ Lo^ 1 4 j ^ n I 1j (t. ^ujJ IIa .curved ^^LJI <jl£v>JI 

l^l^ik: <>> l^i^ J^_^j1 ioUJI 4 m n.MI qualitative <fi*£ll jliiVI ^Ul <> 
.dJj ^^.L Jil^i-^ liJ <JIUI iif^ js^aU-JI J*-aj <GV 

Lf aJI jLsujVI JJ-C ^^LSjI L n j aLLo J^-^uVI tj-a-fl < JjLuJI ^ La^j .La J^a. ^1 

<$ J\$\ L&Xx£- LH! JLli .j^h.V i ^ JLfl s J («-^ JJlaJI IjuA JljJjJ ^ tLAjj i<-^*i LJulc i.n i 

rt ln m II J j ^ ," I oJC JJt-J ^JJ j-3fc,Lrfc-j Llal J±*-£ t,\* \ II ^jLIIUI (jjjj j a II rr U m II 

s? 

^x.Ljj ^jaj^Lo ^jlS-oj ^i jjS i\ II *Liaj <JI ^jj CJJS n i IjJ <«J-^IjJI (j-lj» Luj^Lo 
li^ ^V <dJj Jli di- u*iU V lil IjIa^I ?...«.». yj j;<»-" lijUi «jb^VI 

jf\ i"\ 1 1 ^aSjJI n IK i/^inll .jjnr <Jjl^ ft tHjIr c-i^j La ^A liA ^Lfl L >u v 3i^ ^liojJ 

pL-clUI embed «j^Ia» j-a s^Jj ^jJL^I jjj ^j ^1 <a$ ^ ^hj,^!-* tjl^-oj ^yi 
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^i bj-ols. I \j I f. (JIajVI ^Ljj 0"J±* U^O J0> nVilj .(^Llll pLAaJI ^J JjVl 

tf& (J>' *3 - *' '^ fl j4 1 JJ) n U A <|-\ U mi ^£1 *2 _ pl rJaSlI j j nVn f^^jj^iLo <GL» <Lfci 

•f 
jii .(<j-3jVl^ <<jjl£. 6j£) 3_ ZJ& rrU 1.1 <2i^&j 2 _ pLiAiJI ^ ^illJ .fk-% ^ 

,iA j) °° *j^ JJ* -^ lA 'b 1 -^ 1 -^ i^ ^b ^ oj^ ^^ ^ 6^' 
^^L LiSlj cul oJ&J (cf^>*-^ ^%>4 p Lp a '- Jli ' <rO^ '^ V^J 6^-° c*^ o *'* "^J 

ih ,; «i ^ o j 

VI IL^j^u < Jl q m' II *L^L? ^ «u a II Liil^ Ijoj Laol£.j «SjLLna 3IU" -(jj^I^VI 

<£)-»_* jjaj (j-i-Ljl * j * a ^LjI^ CjjI <LiS. LaJj .<LLa.jJI Jl^JO 1 *»J aj jjl VI a m i— fl j ^ \ *i 
jL^jVIj oliaia-aJlj (_g jl a '^>H Ljjlj'^l J^Lk I (j fl tl -% 't «^jJI pLjt i^ll Jj&l -sTi ittk 
<^ji 1^ -*j l'n niVt t\%'i <^JI a m II ilikiJI ^1 LII^jl^j Xl£. <<A^i\ ^j .«LjLiiaJI 

^ lL> o^-^ L^lk o^jl^uJI ujU^ll J ^IVmh.VI liifij .(13-9 JiiJl) 

«LjljjuaJI UjU^ II < j^ «Lti < UI Q*i"t pl i^ifl ( j-C JLSjJ .^t Mij\(j II 6J-A <J pl lAfl 
_ LEa. «UjI^^ILo -Ljbk «Ui <i^»jp V pL*«Ojft ^1 - <—t n il \ a jSL* \jbjij t \~±\ JjjC. LjjJfclb 
qI t 11O "i fl II ( j- d Sju^-lj (c-l-C. JLj-a p-I iA 4 II Ij-A .u^^-fl ^^uj-Lj j J p-I jA 4 <Lj| 

(10 J ^ j II ^ aIj-I^u Lo IIaj ^Kant I*jL^ (^kj <jt^ LlI) c^ujIj <^Ajj^Ji 

j' no't a cjjLS IjI Lox JIj-llJL (jVI *^-Ijj o^^J •^ Jl ^U ^-^J-^ jjljlli. <It 
<jU.^Uj .4jjji5lV ^1 <<1jlu 2000 ala <u.L]fij ^^.^Ul ^^kj L^ <<f-ul3j pLAlll 

JjLLLLuj li^ lj| U (^Llo ^^j ^ <Jj 7. " II ^1 PJ ^ I II \\\\c. JIj-uJI IjJft (jA 

^J ijl£ aij -^^ iiL^o ^jljlo ^jjjL^ J^L ^^It Li^o^i Ij[ <jkj ^1 L^j 
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La <> JiUj ^i jlks cut .1 3-9 jiiJl 

,yi 



<*\ 



J^L LA ^ VL^i, ^^. 

m' 

.°90 jj-kJi La ^_Lc ^j ( pI^j_o,vi la 

^J I^jljl^ LuoaJ ^JJ* J^jJaJI (^LA <jLs 

■ 4 uijAj I I 6JJb ^ j^j-i-jjljj-a (j jUA I Jj^-J 

«I n' 

l,^^k_uj \ a i -^ 1 1 i a tV I lAt l ijS ■ "II j, V ^ ■ ■ -»■» aj a 

«ULi^j&j aJaHL& «_A^j-a ^jjjjjJU 13 J t ,t II .-jIAi 

rr U mil <j[ Jj-AJj .jL«jVI <^»^> S^ ^r U m 

j_J «jj_aJa-a» J J» t 11 y-ji *> > 'l 



^ 



J , j; u^ LjjJI jJttl o- a^Ij j-Aj _ C. Gauss (1855-1777) JujU JJ.S 

/d r,.jl; a ,».! ....t** a «uulsyi 4-..u.U(jJJ j^-jj di <^1 LajLLo «LAaLc. 6j^i - ly^ 



/^-j-iLjJI L_ujj!»j Aj^jI Lo Ij-Aj f il Juli V I < miTlfl II <UJlj^j aj(| flrt j-ujS q| Lttj 

<B. Riemann (1866-1826) ^L^j jjLb-. <>uJI ^JL-^ oLo ^Ul ^LJVI 
_ <IxaL^ ^ IjLLujI <jljjoj <u*j _ 1854 a.Lc LaLU! <LjjI m ml Sj t AK o ^ elljj 

^jLij 1^ t 9.14 J^AJI (^^J .1 «Aji iaJLuj 4 ujOIa £jlj <jJali|V cA*\ -** 

t-ryLu ( j£, (j^jlaJj LoJticj .jLauVI /c-*iL» pLiAi tgk I j j) n U ft ■_■!■ ■■■ (j^Sj lj Jh t II 

.SllaJLA <ialj t j-a <Aj_ujj-aJI iijljlAJl Ja^U-% II < j- a <Axa jjL JJC pLiAaJI 
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s;| g|g!pi§§ffl 




^'jH jj oji^JI ^Lii £-L^ .14-9 jiAJi 



^j_a 4-fl-LLa n Lclj_j| <La_» Jjt—i LUjjlSjj <*lj n i (1>l 5 n II ^ nj i^ 'l 6<i-A bjjl ^ 1 J t-i j 
fil r^flll «LujJjlA jJJUJ <jl ^jS.A.aJI ^ya (j\ jj-ucua P-J-JI Uj^-aj f^LklSljUI 4j hO*i(| II 

frl 1A0 £yo 4 $\*\\ e\ ^ ]rt\\ es 1 Jj^jLa ^jl (jS nj <j| ^ *i» J IjJbj «J-^1 (Jl (j^-° (J -0 

"* * « i* * 

Lj-^^a (J^S^ P-l iAaJI liflj .j^ol L$J rr j i^jl L^jI^LluI IojL Jjio ^^l^ J-aJjJI 

o' 



J «*>^ 'J LjjljI i<aL n U mi II Ini «Am «J-l^J <JlIc1 oUI <Ai t£,>^! * l *^l Lk^-iSi j\ uji 

r' j U m L$J ^I^ojJI i.*!"! i -^ ( _fl Ubl^j icj-Hjft pIj-JuI (-i j j^ ftIS II J^J JJft .j^.1 
. (Mj-o <t*l mjj Cuil) j^.1 j^Jl <jlS-a £yx « alLaJ I j "I mijAa 

aJLlJI u ^ ^ s j-Jjt jjLi ^AjjJaJLLo hyperbeing J»j_Lo Jj I -^ <> j h i * p ^ j 
<c*LIj j-oj .V a! JujjLo LJLaJI Ij_a 5^ cr^ l^^^'j $>^*-^ f^-^'j 'er^^-" 

<jl£ Ijl Lo iijjuo (2>^ 1 * ^ ^ * (J-^J *<joj^S-o 1 *i < A jj| Cj^IS Ijl La i_ijj|j ^jl 4Xali 

(S J 
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^ -^ .......V.-,,;. ■ .Vvi '. ..• - . ..■■., 5k-.V.-. 'V''.. 



$ * * 

(jS-oj _ V J "-° s j^ "M^JH ' ?0 I* 1 1 iIVi t fc-gJLH dJlSl pIj^jj _ Ljjj Cxjl <L$_» 1-lfl-fl 

LLa^JajIj «LijJ&Ua £j-i-/)ljXo ^J-jjI m o ^c-Lc- 'wlj Cui fLkiJJajI IjLfl <ljS ftj .V aI 

<LljLLuix> «Laolillj .L^.j-0 LlujJJu <iLJ"u ^iUI P-Ludill ^jl c_SjAJ Jl>Jla£. <<^j-I L^-j 

.V a! i-flL^i ^*f **J *L^ ^ Ijj-ok-o *LoiJI jl^J LIjI^-oLj ^jl^ Ijl Uc 

(j^jj "5*1 1 /V" (J^LiS f—IJ J '/*> VJ <J-»-Jl Lbj_*i jjS 41 II Ij-A ^J^J&J I i*i*S a s 

jajm, «uli LlJ^^j djyj .(15-9 J<:,t.ll) ^U.t.ll , T ,tiflll ^l t^ JU^ .pLuii 

'O** '"V' ia^. J m" <jl ,JJ Leji^ j i mm m <*N 4 <Sjl fl n*i OfllUl IJLfi <^j?iVmjX. 

J^kJI ^1 Ju^i JI ^ f-ljl^uVI Ja^k ^ ^jm <L*ji+ H^j^ iikljj pIIjI £-«j 

Ijl^ UaiU^ ^1 o n. II ._.UaH ^1 iplS ,*£. ?Ufl'tll <*!£ ^j .jnVnji tj^C 90 

St ^.li <JI ^jl juj . jiVI ^yi^- j 1 1 u'* dljl ti T i ml 'i n II o3>JI (j-ij •'-fo^ ^IjJ 6LaJ»l 

*-o <^0^ 90 Uj^ *4fj'j ^-MjP <lij^ t ^Vl <LaJij dLIjJ <j1 ^Jb LJ 6laJi ^^iJI 

S» s* j 

(^.flj !l fl K .»M^j J'o^ 3 ^O^ 1 ** fl T' " 4 ° tiltljj c,ij"a J «iIjI <-*a j 'J ^ f^-o^ 'er^Lp 

jjl p 1*1*1*1 miVI I 'l J I f tjj »*IJ aj 4>^J <l 'ijrljj LaL^jI ^jI Ii*ij m f ln uiTu frl <A 4 
(j^jLJaJI La, ^ a " (j^^J <clLl^ (^£- iLuaij .1 U i n j 'i n U' 1 , 1 ^ 0^0^ ^*^J*^^ H n-la-tiJI 

iSlal-oJI 4^1 Mirt ^_Lc. I a m*a ft dLtljJ <jj!j (j-fi j j * " II *lsu-&>j «(j^jilil» ^nSII 

L*jl m n (j^»j¥l jM t .„ft i «^ 'i (J0-* u ■> mi ij . ^j^i^VI jrifl t < mt j^Jb jh"lll 



jji^iuj *l^ ciuiL Ju^iU IdA . aS 2.4x10" ^a I^-sU .m J*/^** ^M ^ 6400 
(j^jj "a j II «_A-uoj ^jl iJj-5 Ij-a. Sjj i S << *\\ mi n Jo- 3 *- j j ''i II I 'i j I r ui> j <GI -_ll 
J>Xj A-li :&j h^jLj aJ ^->Ijq n ^ ^ *^l mi n (j( ^i l-^i mi II j_a Ij-A I ujj -"^ * 

jLLaal ^^-6 c_iVI 4-a-uoj ^Jjuaj ^j^-lJI ^J-aj Lo LAj_tuL5 /«-J-ll Jj-S^aJI «La^Lu-o 

LA^Jai * i nV» ^pJI *ajj5 Sj£ J"o^* oi -o^j^' c^O^-* o4-^? 6^? H^ '^40^' 

r La^Joj « im'i j^iJI S^JI (j-li i^Lui-oj <<lAj J b Hfe (SJ^^ *il*lji Sfj'j cr* ^-*^-" ul (1^) 
.(71/2X1/2711^) = 1/r 2 :^a ^jSUl ^U lal f7ip=p J ( 1/8X(47lr 2 ) ^U 
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<jjj ft ln-« ii jj^jij u-^^h* (j-a-Ai .1 5-9 j^LuJi 

<_«il^jj <L$_«,jxi (jJiJl 4 U a \ II Jj-a. circuit 

r * 

ttlaSj lj[ *^llAi .Ujji -Li. <jjO (ji ^*jJ' 
^1 o hi II «..tkliH ^ rj< mil ^ ^^JJuo >A La£ 
Jati, j^a-j Lj^_ujj Uj^Lsk 4a"t Llicljj (j;±A.\j 

Vwh i- <^>J 90 Jj-UJI .k^k (^ «.IjJL^VI 

frlj*> mVl Jb a» Jj-m cf-^- ^J-^ f-* *( m yt'^\ ] tj-^ 

j^^kll Jlji, Ucl^j LuUj <^JU^JI v Uill 

«iifcljj ^1 a a -j J-jaj La J j J fl «Ijj-La. «L^-aJLo 
(jl <iaA^LaJl 6Jl& j^j» g I." m hiVI UJSLcu .^j-cl^J 



V (Ju^llJl ^Li <S^>£ JL^ ^j .IjLa. Sj-JLua oL^Luluo ^ U*" ^^^jJI I^Lm ^ 

s* 

^j-ij *JL» 4,*i*S l '(jlS LajjiI u^j^ q**jJ!Lj £-La.Jul 4 A^i J j .(jlS l ft'tjl l i A j [ u,i ^ j^a 

.Sj^j {^^LoJI L^ijJa ^ tdJjj fLj^Zi a-jlu 0.4 j a-uj 0.2 ^aJ 

<*j3 Zj& jl f jjttt'S** ^^'- U^J' r ^ '" LT^ <1ajJIj aUaJIj fjJUijLa \ '\ ml 

pLt-ai ,-i cul cJL=>^aj1j <Lx^Luj UI cijSj titi .(jjujiuil < i iVsl ^L=h.j j "^j.* jJ 

4 U uitU pl.Ja.Lll £ya <LLlaa-aJl dJLi ^1 rt"*<" "il ^j-i^ ^jjLS ^jj^.t m h ^L^JSVl 

** 'i 

.pLuaiJl ^j-o <? i U \ a II dLljJ (^^JLLll >1$J SjUul Ulc'j^ <S " < " t ^ A ^^*^' jjn 
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t - M * * 

J^ .A $Y\\ a rM*^ pl iA^H ^o j <a 11 Ai a 11 ^ Kl j a II j-a^ ojLa»jJI j-$j£ ^ <Loj-<lcj 
loops 100 ^^i Jii ^k ila^J iilLL^JI oljl m. n II J| LoJ o?J J \\\< v 

I ** ^ * * (c-"' ^ tjjaJLll Jslaj jJb l«iA . OjI n n «ljUl* ^M*t <-U-$uJl <jxl&j Jj^- j-fllius 

.^jjLoJI p-LtAsul Cj\ \ iVtl ^ LoLoj a (j ft*t ^1 (JaS j^.1 a jO g n ^J[ <La.La*j O^* 

" -5 

jt ^ J a-i H ^1 J-cl .lI-a V p-Lue^i jj-C jLu-a j-A gOeSesiC £_m_iJ^aJI Ja^JI 

j \ t S a mi **« ^ t *j .a \Q~\ ffirt jJ& r_c4XjJ^_i_^Jl U^ II < h mm t n frl < A i /5-^ J .j' "'J 'l 

SjJiJ /«-k ,. miJjJLA JajL (£l aJL <Sj£ rr U jj i (j-kj .(jj"U$\ll ( j^'~* (J^ J <^ij 
L-jLi <((jn" mjJ-j jLaJI J'jjJl ka. Ji-o) J^i» -l^ ^j-k Uj^u lj| <}l!La-fl .^ n Iri f 
<<-Lc ^LjJaijJI C*aJj IJj .JjJaJI <ju^j I Afl I ^jjjlSj-a J^aj La^lujJjj^. I hA f— "-"jj 
^u t^SJI ^Jfc I o^ ui <LJl m n j irifll ^jLi < tJ j jki jj-AJ^ (J*^ J^ -0 *(jj^l"^ fl Us>" A"^ 

ilj^LUI «*ll ,ii"i fLo^-o-cj .^jlUVJI «H)j"t^ SjLJI ^ ^ h 1 1I S^jIjJI ^ ji i^VI 

JjS nj I (J ^ri-v't ^-lll a j ftl j f> II Aht n (j'i <*-J ijUj jj Lo^ 1 4 ua a ^j-u. i I JLLLjVI 
j-aSaUI IVtS o i f^jjjjJLo JjISaj j(j iV^*j \j .<Lnjj)flrtll pl^l (A4II LlLuiljJ ^o I * H j u ' ' ■! 
p-LuaJ ^j5 jj r>U n _ tJ-AjU jAVlj JjK n II <JiX*J A^l _ JjljJI ^jLaj n U m ^1 

C^ lalj .a*JI ^LlS tLAi L4-» li^^i ^1 JjLjLJli LUi *jUjVI ^Mi 

o - ^ - J ^ J 

^jSJ ,yr U mil ^^-Ic <l ftjV* "i rt Jajk^ _A A s nnjj.j.^.11 Lj UAJLfl A h m t\ a ^jI^ajJI 

* ^ s CC 

(J\ £yJU J-*-^ljJI ^ "'J V JJ? N la-aJI (jj>^ (J^ '-'l^ 1 ^"* o^°>^ iijjJaJI i-codi^JI 

tji-ojj .((j*^V^jj j^IjujI^ j^jj) I ojm» interval J-*-c»li J^1»V Liilj-a Jj j" u q * 
t* 

LoLojij .<jjL» jLslji] fr& (Jl»*' (J -0 ^^J^" 6 Sp^Laj J t \ II ^jLj-1 ^jojio ^lioj (J-ij-oj 
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JoLfijJ) (j-ij J-ualjJJiJJ Jjial Jp-aLSlI - j. t i A^aJl 4-LujJiU ,..1 f. <_A5jJLi IJlA^j trt La mil 

J ^Jh 1915 aLc ^1" itiVj L^-ajJi ^^lll 4 n j h t H S^LflJI .Lsuo 4 tt J mil a j ftU Jl 
(j^j^Sill jj^j «lliSjJI iS^UJI i_flLliS£l ^1 n"miVI 6jLajJ (jll .(jlio^JI J*/a£i SjLaJI 

^IJI <i2jiaJI <5iUJI djLkcl ^i hi^j oi^ ^ ^ .SjLJI fjjij jjlio^U J-ilaUI 

^U IdJ .<kllll 6AA ^1 dULusLi)f jjj£ J^a. JdJ d&aij (jl Ojlj JjSfl dKjj ^ 
1 j t II J-u-ajp /c-^-li j ^s j 't \ 'l k r> 1 qX. 4 "s, a 1 «J jl U f I 1 a (j Ijl t£)ji\\ <?t J a r,L-uj 

J(j"tl ir.ljll (j^* tl <U-o^Lk Aji! *f« <dLlj jju .^"t itijjl 

jLilfl 4 t itu ^Jbj < jLdJ «Llu^jLo «lijjJ*. < M i*S a j j) i/Vt aS\a i„\1H1 f4HJMl 6J*A Jo£ 
.r-jL^JI j^ i iLiiS rr 4" m 4_fll^Lj J» -^ \ lj_Aj <<L»l£, Cxiij Jal U n II {ja LCj\ <r<fl I ta^s a 

^ * ,# • * *. "* ' • « ** * 

da. ^l jlai <^jU. ^jI^o uJt^A ^ jJ^iHI ^U (LaLaj Ua^^ua ^jki^ l^J -P-Lo-aUl ^i 

J^jli ^ fdLlj ^j .d'tA «CiaIIs La-ii jj^^ II ^ji jjjjj V laJ <<ijs jjjl u >Aj^ JJil! L» 
jjL^j Ciij ^i 6 1 'i < m ^Lj ^aJI jL*_jVI ^-cLjjJI Lj-L<JI Cx*JLa II >£jj 

oLaiaJI cjj^a. ^yi jaSiGJI ua i il^icLuai JjVl ^j .(4-9 J*S iti II ^ 6^a ntjjj 
^1 (j 1 ^^' jSU\« yJ <l^ajjj : i^ JajJ^ J>t» ^pin J-A3 L4JL O^l ^ill 
^i '^LJ^ <JjL«j ^jjjJ- tfj^ "-fij^a-ll (^ jf^ ^ II Ljflfi u^ cs^*d '^ -L^JjLHj 

^-1 jii . laj-i a, H unn ,11 ^j^.7i 1 I {] i U dlc ^jA l 1 a-o I (j < A » t a ^ <nu 4-i-i^Jji.i 
4 1"^ II tc-Lc. f- j_uaj-* ^-J^J *LjI *n i La_A 6Jlj^=k.1 Ci^ uaJ ^jJI -Lj fl n II I \ 1 n *s n 
JjtjSj u^ <j UJLJ (j^J L£jl_2k. /J^- ft*.'" CjI i*S aII 4jn A| Jjl .6jl^ah ^— fl 6Jj-iwj^Jl 

4 ^ j j ni II iULj-aJI ^yaj ^1 4 ^^"^11 j l"*s 1 1 4 I S a a (^^-S-aI^JI jj^* 1 '^^ tlH* ^J 
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409 £&*!>]) 






j n »"11 jJfc < J>jl*i fti m V «J 3^ II iljljL-o)) «OaIj Lo J^j ,<jL$_jj *4?'*^ ^JlLloJI «_fl 
(ia^-LaJI di * *\ n II i-i-IJp ^^J-ll <jj\l o 'i II pl ji *s <\ II £j-^J JjMj-oj *^-H £j\ £>*■ 
Sj-i3 ^i £aUJI 4 m mm II ^ 6XA .° 8) U-^ JS J^lj iiKJI illUI J-O Jjlj.nl n J 

.(jLjljVI /^Ljj u^O lt* *&^ Sj-u*J5 tfjL j_aa^JI i_fljl3Ljj) <Sj1j 

<(«Uit <fj-ojJI <JJ^-> (j' ^=^J-^) u^l" '"\»V J^aJI iljLsus <jIj£ J fl ih . I I Jyi 

J)-a j d ml 4» (^ * <A ft JJLJ J-^. A^.J J-Lfl ftllJj A_«J .<JtJt inll *JL I l^h J)£J 

A-A./JLaull -_-j a 1 1 IjlJ ^jVI j I j U II CjIjL^-jVI (j-o ^'j lj-2J -§5-° Jj' Lf^J-»-=» 

K. Schwarzchild (1916- j L .vpjLLA JjLS ^LJVI i-^L^ 11 c^ 1 'cr 1 ^' 
jrjLi. iail^l ^LAaJI iikiJ J^ aL^-j^ ^ *L»-^jj ^ ^J^ 6^ c^' <1873) 
J-^j <ct>j^ jl a > * * rt j "\ j t£^JI t*-"^" pLiAiJI (J-t-o <4 HSlI j)-o <jj^s j a U \ o 

ia-Alu cdlj (j-0 j§ n J <UuAj JJLJ CjLo jij .<Jj£JI 4 fthTlft 6j^ J)-* ,-LkIjJI A uij U 

«Loi,A -s 1 I «JLt-o 3f^ ^J^ 6J ^-^ (<-Ji 5-5^^1 tai - 3L ^ jjLj (JjJLa. (j^aj-aj j" J i^l 
JJ.i MijUjl 4 m j-LaJfi ^ \ in't j i.\ I \ < n^jjLfl. h» J^. Jj i *\ I U < /> n II JjSJ f<-*jS imiH 

H. P. j^j-^uJSj-ijj <j_a J_S j-Al ^Ua. jl^j 1934 fi-c ^j .6j_ij ld_Lk 
j j -J \" a II o^iJI j:3L^ ^j a -s cjULI^^J A. G. Walker j^jjj Robertson 

.Jh't'tL SjjnTtoJIj <L^LaJiJlj isotropic 

«o^lr. II JJJ» ^jVI J^LIj a 1 ^- 4 ^' t>S^ 6l -( 1 6- 9 J< »■ H) -' - » » 
(^lcl ^j*^ u-^-V lh* l^ '^^j ^>2 jJ&j c* «m H iaLiill jl ^jui contractile 



^j,>£ ^j ft> a ^l l mn Sf JiaJI 5JjLxji ^^L Laji jjjl (j-^Li rLoLa3 ^jJ^L-o dtil >»-m3 V ^ (18) 
jjit SjU*jj (3 - c<l 1 1< Jl (j-a-ti ^UjjVI <5LU) x 718 = 3 c*L*< Jl ^ J<; a^a-^I oljjjJI 
(jjij <il ■■mil ^ Ljj^Aa 3 _ oL i^fll l a^V <*>j twist Jli ^a «o'jj^-" fO^-» uP <<i*-5J 
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■■■■■■■Hi 




tf <JUUJ ClJI S^UJ ( ^_ ae .16-9 J* ..f» J 
1 'j" ° ' 1 ' ' **- ' "" o 'm H (JUSjI *-ia.-% (jus «/uLkJjJl 




OJlJI jU-til t *>" rl t-»"i >mL /j^ 'JU .J-iijJI p m-> II Jl3 ^ eJjJ-^-a jl mrt^ J-loI^>J jJjj AJB L^J^la 
£jjs *- ■■■■^ 11 ^jlj.ljl J^LL OljiaLjjj CjLcjI m" «GLi 6j iiiJ*> La L» A j) J-Al .»7i\ Jii lJ jJ 'h fl tLiAjl /^JjajJl 



<Lijl k2^1 I (j" 4 i^i ^sJI LjS-lJI i»jla^ ^ jjifllll Uj^juj .iaJallo <-t^J ijjj^ 
Llu^oJ3lJ di I n-i <H$ <^n jIjljVI Ax.LjJI ^jl^-o^JI (e-flj <(j-ajVI J^-lj Q^ % * O* ^ (j '^ m * 
^^-jLaj Lo-AjThl ^Jjlj ^J j**v,in ^ Jj^ ^_i j fi i i II ^^u^j <U _ S^SJL^ - L»-a.j-d 
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.(17-9 JUJI) <LSi S_£ l«Jt ^»j ^IJI 5ikUI 
J-kjuj «fj^jVI p U >i« j-^£. LstjL^. cj-^jJI JoIJLjJI * 4j j in * Sj *j ^[ Loj 

(jjjjjj-oaJI (jyiUVJI (jl ^^..ft.t «^Vl tidal «<Li.il)) <jK-ojJI <? mj^ <j[ .(^jLaJI 
«jjVI LlilJI l$_» dij-vVi ^fSJI <£.j^uJL <£>*.VI <jc L-aIjaJ (jIjjuajj ^U mil ^^Jc. 

j iS flJ II LlJ^ajj .tjuU <L» U*^" 45?«Ui A^jaJI p-UL jua «ULa p ln mil j'J-o J)" 1 m a ,-fl 
^Jl ^J-i»J (5UI ^LaJlVl J^L LT^) ^b $^"^ 60-jJ-aIj frl ukUl ^i ^Vl ^ 
^5VI IJJb 5' cr* ^ ' " 6-° ^J .<jli-ftl*i-dl ^jIaUJaVL <Aijj (<UA j m n II ii^JI 

-ucJI ^-olUI <^jj^ <-*j m*J ^jL£ (j-ajSU ^Ul ^iVU :J ft |,ft ^IaJI 

^ ** ** ^ y- «• — 



U .1 4/ 



«LjjjJlLA /e-^ J a * " J J " " ' j-AL«»-o ^_A I \"l U j nj ft 1 <UJLaJI cASj-aJI <j| . jJLsj U5v 
j fl ln n IjLAj <Ui-fijp £j\ \ II f <jlj-o JLa.j^j «LjLj i n 'r f^j^jVI p ln m J_Lc ^jl S ojJI 

j^iaLiJI ^ji ^JuS Lalai lil .J-&UI _ ^J^M aUjI J^L j^-k. j n«,r^ II ^-UliV 

.(j^ajYI rr 10 m 

j^a.1 j* 1 m n (jijjJLij radial ^j-LaJaJI ^^^^1 ILs .(jjjjjLll! j»jx.i ^ f A>j ^j^ oj 

2 - (£jLcuj (tlh^j-H JJ^^^ J>^ ty^- >^*^'j '^jJa^JI aUJVI JjL ^^k ^^L?- 
ikilJI ^ iiLuuuJI jji radius ^LiJI . i ,^,\ ,Nj^ ^(j-LUI t a ^>)^"h<ll x 
J i^V .(17-9 J^iJI ^jSJI J r C> M1) ^jj^i\ ^^Ul <kiij Lx^ ^1 

77jLk A ft U \ o II <_£ ial U n II SfriLa Jj-o LaLaj <(^j-iUI J^ .ti t) < » H m f^-j2li\ Ij-A 

^Jj-a£. *— lJL^ I nfl I ^«iill f^^^J* m ftll ^-o J^J «SjSJI <jJ[ bin m" (^i!l 3^°^' 
^ <l_Ll£JI " ^5 jLluj (ju^ij <o-aJJI 6Laol Jjia (j-Lt >.t\Uj ^gj U fl II ^LaJiVl ^j-Lt 
(jj"-* ln mil £j-a J^ ^—fl j *x a* it | \ *sN n ^ |jj ^ _ »^j ^ ^j,, »5*1 11 \±& (j ' ° , ^ fc> ) 

- i^.i H S n a -^ ^ (jl H 4-% j ^jLuj^jlIJI ^jljJft^ .6j^ n U m ^-fl jS-fil LaS J t Jl » fr «l ** « » 
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J* 

LLljI <Lfcj m j jjdJ O» 1*1 Q\e\\\ (jl ,-jfc "* '"j"j * '" ^ Mij\ ft p' ft m ^J^.1 
iiLui-oJI >* la c " 4 a t ,,. a 1 1 / d l"<l l" j_ft , dl"<l l j »t< H * H ^ SJjjlj 4 *"1 Q . * 

^i jiij Li£ IjIj .A-a i A II a ..i^ll j£>o f^c <Sl\ \j a II J i^ii" ^jjJI iiL^JI ^ 

^-fl J^j'i ^jl InUi <S^jLL <2>-" L*"^ J n ^ ° 4 j"" ^ f n (j-^ C-^J^I 4_Li£ ^-*^* 
j-SkjJI p U m (_gj" mrt (_j-^ 4 J " *„* n U'J^ (J- 6 LT^ j"^^"^ JJ^ M - ^' (J . "*^ 'l 

<*iUi ^-oj .> frjgU <jjU*j ^U» 5^>^ J^-* oP '^ «(-Lii j'njlft 4.4 L^AlsSi) 
^%u <Lu/^ 850 <£.j-*^j ^3-o 10000 ^l-^jl ^ (JLxJI J^> iUj ^ 

<£.j^JI juSLj UHftJJ o±*- v* *<xilijji* 0.2 ^Jb 3a3lSj<J ^isliill V^JI 
£L>UI ai^a cS>^* CT^' £°W 4fA-u*lll CjIjULLI <j| .laii ipljjjio 0.05 pLa^j 

,-fl S^jLkJ Aj-tAJ-oJI <£.^uJI L^itj <f MSVIj -LjAflJI CjIjJjG ^L-uu^JI ^ (J^.y£ 



SaLIjVI ^j-o jfJ^JI >i2JI IlA ^I^ojJI ^ 4-^ujjJjj^JI JajU-%11 UaJjt IjU <^>i 
4jflL^^LaJI 6XA jSjJ^ . 1^ ..«*** a H ^tS-ajU 4 t mUj)j^, II JojU^fc II JjJo (_5^. jj m" 

A-O _ 4-t^ ^^^3 <lU "ll^J ^jISajJI 6jjlu f-^J .oljLuJjoJI gjj»l ^i 4 04jA| II 4^XAJbl 

Jo^Ja-aJI Jj-a (c-k I (j" I^J C)l aj iii^ 'l J_i-oI^j _ a -^ \ ijjo j-tflLfl j-iSl Llil^ILil 



IjjIj Lal ^^A.V1 CjIjI mftll w t rt ^ ^ ^tj'i <JJi.j-aJI JIjjJl (jl J-ft i ? ij mil StJJj J*ij aJ <^>i (19) 
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A, \fl" «_ai <^£^i.| CjI r> K >J .r^j^jl^j <— J^J /Jl Jj>^*t"j JjlAJ 4-A mmJjJ^ II -tojU-% II 
o * * 1 ** 

<jl£ _ LujJBlj 3**-° jl " l0 /c^ «J^ ^jU^* ^^^ "J"^\' T*^ J^ o' J^^ '(IhO^' 

? * * $■ 

.pLiAiJI ^j LujJLJ I «aU n ljla-o j*-"o^ cjL^°jJI ^j-i ^"^^^^ ■!"■ Jj-^ lt^ 

** ,, ^ »» 

^^^1 SjLuljj .LujJbj LLU-o 6jI m n p^t i^t \ (j\ Jifl J^r°' V^J o* j^ ,* (IjSjSjI 

. a ^ \ II (jjd i^ujli\ <-j£j^JI <j-o LLjI <£.j^uij «La-a^J Jj^- JJ*^ '^J * .* " <1^J^' jLfi 
a ni^j L^jI jl <<_LaL£ «Li^aiLi LcjlaJa tZ\ ih J c-x^lj^JI CjIjI mi n (jLfi (<iol^JI /c-Sj 
JS-it ^^aijVI (<ic. JjualjJ a_uj^jj </*•% *JI Jj^. LflJ SjjJ J^ ^j-fl <Ula i rt CjIjL^u^ 
4 j j mi II JjLLt jl i,i n I ( ^JLaJLJI J£-^JI <J>SLX ^1 .(^^j-JI f^-" J>^ 6Jjj 
Cj-jL^ - jAiu^. 6 j jl t n ^ a m i LoJ j, i.j. i.<Lr*h II A t\j \ II iijJCA <^jV* - SjjjJL» 

,(18-9 JifiJI) ioUJI r» „.-.II ijl. LU: 



Jj-U jjp-Lc * -"^ I ?ji»j^.UII <^j^JI <<LLal m 1 1 <l(| \ < \\ filliUl ^n m" 6jJL! <jL^jLluI 

.4 nij'ifl II jJhUa-o ^^.1 ^^-A «Kj^JI ^1 <^^i.l SjLjljj .^liojjl ^ ^-uijjj^. ia^L 



(jiiLj-i-o (c^ : o^fl lt^ 6 ^ * ° ^ cS^-M oL^jJI * ^ in j /j-i Ll^_a.l^j <> K t \ * cLai 

l^-ji Cm aJ ^ylll ?njht II JjI .uji (£±*\ .< Mij'^ft ^.JJ V ^ <eil^ jJIj joj -^ 

£-«^£JI iflj'Kjnllj <^L*JI j j j m "t II ^^jJii ^j^>* cr^ ^^=^1 ^LjjfiJI Lf-8 ^ 
aJ.^ .quantum gravity <-^oj o< II iJUUI ^ Sj^Ij jjjik: ^ (7 J „~,ill) 

^jVl ^^ pt-aJjul ^jS n" i aJ (aJJLjJI (jja J^^ J^ J^^>^1 P^J-*J 'SjLl^JI J^_aJI 
<«<Uaj^JI ilLSUI» ^ j t\ mi" ii^Jall Jj^J V rJl^j .Sj^.j-0 <Jj-laJ ^jJj J-LOjlll ^j-a 
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* * * 

(tgZjjalV) <j ulaiJi ,;K*ii^_i«il t;*"jj . Aj<A^II precession JjjL-a 4^>aJI ila ^^ -f-?-*J' J>^ 

0.12) <jji J£ 4j_ujji' IjjlS 43 ^Aj tSj^wa^JI I(|"rtt5 > iirn (£J-«j aJJj V <S1 fSjjLdL L*flul 

oU.jj Sj£ £-L3 jl fJ j fc ><t ^1 binary stars («LjLSJI) ii^L-kJI ^^?^J1 L^\ oljLu^ oijjU* 




ul^j-ll joa i l->tU"t „.I I Jl .1 9-9 JiAJI 

j irt>**t<i ^jjj-J <J1 (£j-J L^jL-fl Jj-i. JLc j-i-iSa_t 
** * ** * * 

JjJaJJ <ii-j}L> (j^LtJLa-jj -^>^W «Li-il j-4 Jj 

,4ji ±*.ji 
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j^s.1 jj! ll^J £x& u^ J ft " ^ n ^ Cy*j <o^O-"j ^l^JL U^jiij ^^ ^ Sjjj 

<>o ?JLjS\ ji^ <Gl ^ .ii-A^a£JI <J^klJlj Ai\ mi 'l H jlj_Li <5j^J &11\ dlj (>* 

.I4J ^ iid i o 1 t^j^* 



CtL-UL^JI fjja A-C-jJI Lfc :< JLlll 4 <5 j La II £y> jJbl h a II 6J-A JjaJ 3\*L* 

<jjj ^j <c jL^J>JI jj^JJ jl>t=JI ililt <jJj d±a-i L£ jli fij^jUJI 

1 *t 1 * -% JLii <* tUlLij .^li-eJLI tJJJJJ f^-fl (jt «IJjaJI 4-$-a.J (j-a '^-^ «Liliku 

* * f- ' 

< tuX\Q t J i^l^ II ^jlS njJl Jjj^jij '(jL°J-llj (j^ -0 ^' ^^"J^-* Mj^ 11 " «Aji! ' S i^fi-11 

,—Ju^Llj <<_i_aj_aiJI «LILajJI ig^J ■ A Jl * Jl CjI UI mi "t * J rt-^ <Llft 10 (S^J^ J + ^ H 
Jj^j c j 1 j^j *£] Jn'^ft II ^j .LJL*JI Ifl mh\ <±tlj^VI JJ-a^JJ ^Ijj-aJI ^ *t *-fl 
li^jij d< t l ^LoJl ilj^VI ^ JjLa J*i£. (SJ-^ O^ aJIaJI 61AAJ Lai I^ljjoll 

<\\\ mi II <-^ Jl j U 1"^ statement ^^j j^LiAljl iljl*-* A. j «o*j <dljjVI 
«(jlS-ojU ^^Kll (Lj^nll J ^ i^^aUI (iijjUJI) <JUiU i^liJI <u,nll 

*^fl i^'tl ^liojJI Jjlj Jjl <j_a VJj <j! (^1 .^^-Ji^Lla <^_flL£ jJ-Aj j J i» "a ^L-Laj 

^1 .(19-9 J*s m II) ^»jJL» I (j j ih ^>u£! <GLi <L^j m (j^jljj 1 iAtt -^jjj vilj^-V 

' ^ C^ J^f tiljjLj J^ia .dLjjLj <j-oj 6l M n ml La jjfc (jLaJ^JI ^^i ^jS.ft.0 JLudJljI 

.continuum J .^.^ n (jK*>JI 5' ^ n ^ '^^ PfA>" S^- --^j 1 - - ti i>^j <U^ 

4 't - «* - ^ o 

fcdjjlj J^ai» t^J"° C^ *^J^ ^^1 '" O tjl^-aj-Il (^-^ *^^* U' (jS n t yr U mi jii i^»Vj 

1 jj t <LijL» 1 ^a*j dljjL» ^-oj ^^Lujj ^J t \ t la" II Jlt|j.a.^ajlj^ .UIjJIj J^*" - k *^ a 

JLa. ^ (j^-** -ijjl-j 10 ^j-o j * i ^i l ^-j-«j J i^»l ^* L*JL ^1 ^j^j^ I tl^-Aj V 
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. SjjIjJI ,-i S j-a 1 ^j-o jj£I dCj <jl j j"l flj n I 

J ^ ** # 

.wjIo^VI < I SjLcLa^oJI <U ^Jl , _A <£aKJI 6J4J CjUI lAlfll 
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10 cMJl 



■r£>:ik:«&V 










a-^ AJiLlllj ^ ; jj t " II (Jl^JJl i^-a-I^J <j_^aLjJI icL^JI <j^L*-a ^I <^.L^j 
" " *£ * - - * 

*-ujIj jUaj ( _ r l£: <_*jLu> S^Si iftJ .iijLjjjflJI A>L*-H (JJ^J (^-11 A^LLdl *Kj iii 
«LuoLk. ajIj^ T?-)*-*-* «LajuI a! uJjl pIj^uj (Lg-W <Lalc O m J Q>' * i^LajJI jjl U&ljjp 
<J)lVi n H <Lalj i^> * t*l m oju l ^ **S 1 <^jA n .i i 1 (j lAjlj 4jLili oLfi^Lc 1*11 o" aJI^£> <Lgu 

lj| uiiu * ^ ij oLi-t^L»jJI jjl (jjrtj jl! <j\ aji .4_ki jaAjj LIjI j<i-u (^«lil a II t ILij 

«jj^illl <j-a ^-olaJI U ft 'i II ^ |jj=k <j^j-c CuL£ LU Lfljl Jlij .aJUJI liA ^ 

4 1 1" 11 «Li^jj i m i^i 1 *wj p <«u < M i-^j-o 1 9i <A L$ul j-A O* 1 i^iLjjJj j' n C. I J .2*a\ a 

" * * " * ' * * " ■" ****** * 

^Jl jjj *% "t II Jj_^.j ^0 Lol -n uulj <dLlj ^j-^ ^-tAij .Lij iti o I rt lr I o i ""*j; I fl *l[ 

^ I "» \ J ^^jI J O ~* " JjLi <<-A-a.^Jj)j i II a j) I * II <LoLa-j_5l «w o j <<LjuL>j t fl II * j 1 • H 
^-A <JjuTlj Lo (jlS^ «L^u)Lj jLa£. jali ^ <i— i* <•"> j-ol a-IajI 1ju_i (J"*U Cil * i^ilujJI 
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:•'■■ ■.•'•■ '-•.,. J 



,-;-,; - mjBhtr 418 



(JjIj-UJI a a 's j I h> JiLi- <i)-j 1 *>t * H c-LaJjlJI a ,h * n (j\ .LLa c*1j «aLjjJI JLkjl 
jJUil ( .4 <^j AJjili ^ olj-i-aL^U iUUI S^aUL C*X>h <<u*jljillj < <"1 m** 11 

J) o f.] A n mj L -JI j-1 ui t ,,■ ,<^L>jJ) ' fl ' ^J "J) <t i o l * II oI-H.^jLaJI (j-k-i j ft l o II 

E.P. Wigner (1995- °J>Lj J* j*^ $£»>•¥» - £>=^JI (5^ ^Wj^ 1 
JiLu^JI ^ IfltnWij >LnU ij^LJI <;>iJI £>"=J j^l J*i c^jJI <1902) 
«UU jjj 5_^-j ^ olj iALjJJ <LJL*JI SjdUI j^-o J^-AjJL <l\j (A (<LkjLjjj i W 

/i \ * 

V <oL-t-=»L>lt (jC dijaili jJb J <^$ll IjJb ^jjf. i^n (Jj^f U^ LT^" f k ^'" C ^ 

jjO-4 LoX. uUJjaJil ■■■ <(^j^L! SjI *« tj .4-JLuijJI j^j-o rn nt J-^J^ 4-1SJ < LjJt j_^oj_aj 

** d * ■*■ 



4 I ^ n 11 (^i «oL .ALjJJ <Jj ^i n 11 ^j-c Li-LcLaJl» ^Ij *> » t <J^-S-o ^J J^ ** 11 11-* Jjj oi 1 (1) 
«Ujii «ulaj Llt Sj£S dUUl V Ulj .Communications in Pure And Applied Mathematics (1960) 
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1/n n o <°hI j J^L-.nl J\ j&j «mathematical ontology isJ 2>L J i\ j^j^j-W 4*.yt-y 

i -. s. *f S J * * 

45jjl /c-^' -'JJ^ -0 '" 'J 1 - 1 " L»LiS (j^u 1J-A tu i "■ (jn-\~* V JJlA J-Lo J-uaJ 4 n Kn 

J j rt i /c-*-!' «*LL2k,j-aJI 6JLA SjtjJ ^j-A CjI j i o LjijJI . ^A-j j ^ ~\ 11 SJjI^j-o » j iAlj-a ^_fl 

d i tl t *" .4. 1 £ *fl *£ «j 1 i tlr- J^J .LA >A 0"*- jLi v^-iJ) 



jlj£-VI JLoJU-ujL pL-iil J-a£. JjL^J L^jI ^j-A CjIj rALjJI ^-fl <lj m J mVl AjjJLj-caJI 
jljX.VI J flJU m i, a ..UlII ^1 1^-°^ 1 (j lnt"t m'* j^yjJI <3-Aj ••• '3 <2 d <0 ^d t < iiUH 

jjx ^>LLl *cardinal numbers (<jl ,^l) iJLUijli Ujr.1 I o ^ .^^j jjtjj U II 
^ Ldjj^^iJ (Ordinal numbers <±^ji ljl^r.1 I ^ h *^^j Aj^ ^ ^i j i^l'mll 

.iJLljjjl^ IjIjcI I d^^^ ^AJLAjJeJI jlj£.VL» <ji*ij aj^^).^ 

^-fijul jl^j^LojI ^i j tS4"ll ^jjj i<aUjJI |Jj LoJJJl 3 (JalS Jjlj ^jJLlu LgSj 
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<L£juo (Jf-^ A>?\3 ^jii-AJutJI ^j-o <ji 1 ^ 'Al j IJlj <4 ULi t U II JljLt^l J5-^ j-i j-i-o-aJI 

frjjjl UjS-6-ij -IfllU ^c-jj 'L^-j j mi i II pLodS jjJiJ J)-o ^jjj <AiLjJI *VjJb <lt^r jiij 

W' *> 

iL^L^JI Ja J S«iJI *Li L Jl iJLujjlill jlatVI j1«j Ja .^Ui .L^UjaJI 
Lfji ^iji3 ^Ij <L^jn ..«j U£ «ultrafinistic mathematics <LaLUaJI j^i 

.«LA^jMJI jU M 1. 1 V Afl* hi^j Lo J£ ^j^ioJUjj <dlK O hijlI L^jI jj£ ^Jj ^5 
Ifljflf. L»jL^J uV-v't (<JkS dtJLa. (5JJI CiijJI <jl^ Cl <jikJt <j!jj Jl Sj^jlJLj 

^1 1*3 n m Lo LJlx.j .(1 S^V I d ^j '"** ■■ 5-Lij 6j-Aj) f-^f-ll < *-^4-i^ L<^ ^-*JI *-* 

tj-%]i <ii j-i Cjijj^J (jUU-cau jl fL-taJul ^Jfi. CjLoJLc p "\>* «tally u-jI nf\ II 1 uaJLj 

«Lt^jyi c*l 4 i n II ^Ij^V L^-jj) i ^n" mm (kJhj <«Qjo (jjiftl ifinll j^'t Mi ^j Lajjlc ^jJ~ 
{ jj.UO tuj jl «(«LiljjJI ,JI SjLii^U «uiLual Sj^^L a-*) u j* - "A i £ ' ""* ^^^ jJI 

4-aj .O* j '<^^ II (j-o ^-J^ jJ "N-iLaJI C)u'jJ^ 'l i »ju (j -0 ?TJ^" '"** SjjJLua Ol^jS 
.oLa-AJij CjIp^j-j (_^^3^j (^*iJI (jl "mVI > im^ j-A 4 I ft^ q£ ftj ^rtJ L r, Jjl j\ g -% 

^IajII f jUI) 33 ^1 jjlIL J>ua^l Torres Straits (_>uj^j3 j3^ o 1 ^-^ u^j 

dj^l) 26 JdjJlj ^IrtjJI fjjill) 8 JJJtJI tjjUt't .«n <(Sjji *^ll ^jUl ^J-ual 

L-Lu.1 33 jLuLcV Je^ 1 M ^ I^aj '(u-^VI J^lill) 28 jojJIj «(^Vl 

c jjii LaJj£. ijuoLkjj (Jjiil Sljti JfJ^J iof-^Lo jj^i <j >->J iuJI JjJI ^jl J^ .aAJ»J 

<j-« (j^-aj (^1 <jj>aJI >ajj a^l jLi fdJj jjJI. iiL-ajj .(^LJJI J-ol^ (j^^ mil 
L«JI jLii JJliojKJI jlatVU :^jUIj <JllojKJI jl^VI ^ JS Jl SjLiVI 

fLijit ^Lki «ilrtij mm ^Ul «10 4-uil ml ^jJI jjcII jjLi lil .JIjjJI Jt j-»LloVI 

.^jLujjijU j 1 1^1 t j itijJI Qi ft mi 11 «LiAOjia <?fc u\ ^Jb 
6 J-A J Ljj^ OaJLc Joh3 tuftll 1 JJJtJI Jc jV\ ml JLaJI (^uLjjI ^jl a-aj 
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New Juaj j j itsj^i ^ jU^imnll iiill ^jii .cjUI^^I 6j£, Loi JIjLoi ^LjVI 
cAaUI (jj^lj ^ ^L^VI llfJ IjIjI a^j Lq£ tf jjJJ ^^uLuut^ 5 I^Iaj <Hebrides 
(12x12) j (12) tujllJ UJLViml ^i 12 ^UVI a>J j*JI Ui a~j .<A>yi 

Ijjfc a * jl u a I jj+*J ^*V^ ^J-fl^ cJIjLa ^jL-luV 60 ^^jLluVI ^jjILLJI JL*L ,a5j 
CjLluIjJ iajj .«Lulj 60 ^1 <ii£jJI CjLajLiti5j ^j «S^jIjJIj CaSjII \\l\n\ tt\T\ ^ 

* ?f^ (j * '^H >»J Jj^-J Ui J ) 60 ^^ Ij^IUul (JJJlLUIj ^jJJ^J-iJiJI <j| ^JAJS 
<5 j 2 La- A (J^J^' ^jLa-LuLLll) 10 JJuLluVI J ^ *" m" LaJ&lA^.l <( jj" <l fl*; n-AjJ 
(j^Lj Lj-Aj (/3 j 2 La-A ^LJjVI ^l n ml j II) 12 ^jJ-luVI J n * " m" (^jJk.Vlj 

j^ fj 60 (j-LuiVI uU ji^VI djMt.nll ,Jfl .AaII I1a (2x5) x (2x3) = 60 

Ijat ^ji hiI IlI^. Sjjj^ Sjoaj pL&duil ILu c_iIU"u <jV <^jJI aall <1JI 6jLJiJ 

.(0, 1, ... 8, 9, ",... * (li»it 59)j 10 [60 tf l] ^» Ul-.^o 

^j <(19 = 20-1) ^i L£ 20 t^JL-VI ULI» «jjj ...\jiJlj ul^piUl tf 4, 
^i «CLJj jjlaj 20 jj-Lu&J jjI o^jjj -v^j^L» <(4x20 = 80) ck^jJut. <ju,J 
<5X) J^-im- ^SJI i^JJI iiJJIj .Score (20) l*K J .»-,„.-, ^Ul ^^KiVI 
^Ift^n.ift 60 ^LuVI JIjUj '60 ^k ihfoJJ tresintyve (<^h^ ^ ^^j^k* 
^i Ainyj <^Ml^£ ^i InuitSj ^j^iL* Tamanas of the Orinoco J</ML 
Jnt'tMU <jl£ c^^l Qj<Minll LLoJI x^%Jh \J\ ..Mj..i<ftll ^i Zapotecs j <<jIjIJI 
*20 ^^Lu^VI JajuUoj ^lii (0 ^^Jr. SJVjU <i j .V^ II < \ mm l>>j ^^Ull «Uj>I1I 
^5jJI u^j <20x20 <> Vs. 18x20 Jn L— > ^ (cAUI) iJUII jJ^JI ^H 

Inj m^l ^jj-^J' ^ .* Ij| n S La_Jjj ''J-^ A 1 A J (18X20X20 (c-J-C 1 mi Mij-fl A_j|jJI 

.18x20 = 360 ^ LUI <lxu J^L Ji 4 *<^ iiJI ^L? 1 — = JI 

jjj (J^-^-J <Cj^L^-a*j ^j-fl OL^uijJ >*j}La ^x£. < J in^/1 (^-ic JjljI (jij lj_A 

I j I f\ * ~\ i u\ jJLi ^oj^j-^j-**^' ^ *^j^LaLjLj Lf^ic Ijl^, m j I * o * p *l uoj Lc «L&jL 
^^^ic <JVaJJ (<jjfll ..«1 J< iti L4J (^1) <jjI n ,i. oli ^Jjj^JI {j* <*-J~> <*2*** 
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Jj 11* .(muriori) 10 000 ^ <JVjU M j <(deka) 10 ^k <JVjU A Ji* 

«1,2,... JliiVU ,#1 '(!.'"'<'' «j3JI «ML- <^^l^l (klijVJ i> J>^J .Cilaj^l 
51 T. Mommsen (1903-1817) J, u. '«^ jjjjjj &-iL»JVI £jj-«JI cA^ ^^ 
5lj «OaiiSI j,lu jU^I j^ X(= 10) Cj]j .1J»j ...... ^J J _.^ o- >j> V(= 5) 

>^!l II» , i,r,\ D(=500) j (I) JIoj i^ «0 >^U <jj_^ ^» M(= 1000) 

•(0) 

<jX «<JJk^£.)) Ifl" 10 1 «M ,-i u> m II j .3D3CUS jljl nll yjU QJ l(j fl '/\yj *^JJ *£ """' 

S f 

JL^JjI 3 <jlj t-^jjoASi ^j-ij * 1/1 <5 q >n\ I IjLaJjl OJl£ Lajj 2 ^1 £t^»1jjl jj^o £j£j 
JdC (jj^f La^C. JJaJI <aa5 jJJ^i ^^-k. ufJ J ^ J^ ^H^J' ll^ J^J -W^- ^*^*J 

9 ^1 4 ^j-o jljx.VI fj\ j^-Af 'f^* u-°i «Otjj-i-u a -\ n 1 1 <j»-jJ 0-« j^l <-ot-5jl 

.SjjJLusJI -lajiW^II QJb <£.jn^ t\\ 4-JIjIa.I J' S n .l£ Oj^^IoJ 
<-t j"^ n I I ^» j m ^ a I I ^1 LLj JjJ-J u' (j ^ flj j J I I a . I I U3 S >«J JJ-laJ u' 

^i i^LJI ibL*H iJlUI j^Lljjx)fl ^aj .Asoca \&j-J\ \f^ l^jsl^ oljUc 
^ .3 235 fLc ^Jl 273 ^Lc ^> ^Jl ^ ctn<^ ^1 .Mauryas of Magadha 
^jjL ^-oLlu jjIV» (>o <m <im Lfit£j «uii^LuJI oIjLaJI jJlajj «(1-10 JiAlI) 

<Jljf OjJ^. c-J-AljJI <LL-x»jIjj «Lj-Jj^j j ml « II (j>*-" ^W^ [S^ A-\W\ r\ ^j 

^liJI j\ ltt \\u t LUI jjc» U^i j^^l (ja1\ «G. of Aurillac (1003-945) d^Lj^l 
jii .JUMI <\\\ n II (^iJ i(^_JjUJI <jjUI <jI^) Ljj£. Ia^-JI J 000 <lo« ^i 
Lf lJI itiU^-JI ^IjaJI i^-cijU-A u> ■»«; dJjj <jjJl2w11J i,Sj» iAII ^UjJ,VI ji^l 
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"'423" wU^JIjOp,-. •/;, 

/ijujc Llijl SUm.JI ^IjjVI oLi: .1-10 (Jiiidl 

<ijUaJ <Ltj"fcV«Jt ^j^J t^tlll ,-JJ J^^JtJ «LjjJb J.J-OJ (j' 

.^>lji £_*lji jjirJi ^ jji^ ^i ^ (LaJki^Ji 

tJ^iJI (jJI £-a.^ ?MJ **-*J <5>^' ikUI ^-lifj 

^—jLtJI jJa m ,11 ^j ' ' ' J •** ■> a a1j_lJL> «LtjpS f\ W LSj-tui 
(j-o <^l-a.t <jM_j-<iJI J.JLJ iJLAJI tjj-SJI J^ LaUjl 

..Uttar Pradesh ^jI^j jUjt ^ jj 



1 (| -h W 



--a tj. n 9 


? J ) 


12 3 4 5 6 


7 8 9 



«La^Lslj (jl^ ^aJI j-u iti.ll > Q" iAJI a-c->j (<^jlu^SJ\ Lajjj i.\jll g"* £m ml II o I /A 4 

<Codex Vigilanus ujL£ ^ dLj* jI^SU j^-k j£J o^j -W^ y* m^H ^ 

.976 ^L L^L^L» Albeda Ij^ jjj ^ Vigila X.»>J j ^\ji\ <^u± ^ill 

^Ij <(£jU <^1 fJ j i^. *Uj>«JI 4 n K II j^ ol^T ^1) zero <-<J£ c*jl£ 

^ j fl .Vi H (jjM^j yL>*"" Jb^J <<LlJ J-^oVI ^ i.nCi *0 J^ itJLj ^Vl J^oJ 

J. Wallis e^lj <jj-^ J-Li ^ 1655 ^Lc L$J Jl a *" „,| Jjl ^LSj .Jj-cVI 
j^Ij ,jjj a „»<1 j oL ^UjJI iLuJ ^IjJI JjVU v L^=JlI ,(1703-1616) 
Tract on conic iliaj^kil £^kill j «o^l^ j dJjj <<XUI ^a-^II a ,., M «^o 
Lojj^ t jjj-^ jIj j aTi m t (ji (jS aji ^j^t a c_ flj-ojJ j-«jJI 'J-A jLjl^.1 ii5j .S6Ctions 



.^Ijia Sj_x_j jljX.VI OJ^-J 6^-=^ (plj 'ALajJI ,^-A 6J-A) oM 5^ iti a .11 ujldJ J-5j 
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ojuj Ll^j^lj ^ J ^ *t« H Ij_a Li j ^1 Lijx.Luij ULo tj^ij iSj (2-10 J^ <uJI 

j-Islaj t«<j-C,^L*» CjVjIjlaJI CajI£ <cJj <oL»jJI /k U I 6 j\ \ o II oLSj^l /<-Sj . «La-AjJaj 

^i SjLj j^JI ojI ^j-j-o^JI ^ SjLj^JI 6J-Aj <cjIaU»II ^^ «LhfaJJ jj-a>JI o-oj5 

fJ^ualLo Lih j Lfrj-jll^ dlt et £a!£ 4J-* CxLS <nl Lojj 4- *--ojaJI 6jLiil ^i 

s* 

J^l (j^£$ " JJ '■**" L$-»J5 Jjj (*-*■*' '— r "«nl CjLh iift j-i J on" hio J-*^> (j-a 4 Jj mi o 

W. j^ij] ^LJj 1631 ^U 6^ii ^Ul clavis mathematicae ^ L4J jj-$-k 
d+j jij .?j»KII SjUn.JI J£-£ Jjt £j"^ * jj^j «Oughtred (1660-1574) 
l!L J^JI ,> il G. Leibnitz (1716-1646) :>Wtf ja>Bjfc ^Vl ^^J 
^a 7x> <kiH l JLulLluI 1698 fic ^>I3l lil <x l_a>*JIj x SjLiVI ^ UU II 

JLojuLujI Li-ajl a aa jij .b ^-i Ljj imo a „ \ < " a. b Sjlajulti ^^uaJI SjL£l 

"" «. 

^l-ftij Min jjlS (5III) -r" ^L«-!l j^jJI JLaJij-^l ^1 <i-yuj (jil <?o Mikail : j-«jJI 

.1659 aLc (_^^j-ujj-iu ^^aj <-o-ttt5Jj ^^JoJl 4-JtloJU Uji m 
^> a.j a fl f^jjLi^Liiil a ^j-'^J)'^.^ clH^ ^ (J-* 6 ^ JS Mi oJI f 6*^1 mfl" d^Luj! Lot 

^jjK;VI ^^LijJI <iJ ^Ul The whetstone of witte (1557) Jui£> ^ 
<lyiK»l ^l j-^JI ^ic ^li ^Ulj ,R. Recorde (1558-1510) jj^j *>>jj 

^jJ^Ll^. L^J /» <ri^ LT^"^ (_-uSJI (j'* J's^^l 4J- J J '^ " ^^~ 5^^^ V '"^ C^ 1 -^'^ 

j^ir: ^ Ladlo <The grounde of artes fThe Whetstone I ^ \ o ^ t^») ijlia. 
<A1j Ji j^^» ^Ulj i(dlill ^i «-jI^S ^The castle of knowledge f v l ...% II 

.«LlLc. *LqSIj]LqJI ^jjjjJI < M ti Mil ^j^fc mil -— fl OLo 
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JLJI jlatV» 



4>nUII JjftVI 

12 3 




-2-1 /O 1 2 3 

4^^-^JI jIjuVI / j ... ,17/19 «1/2 «1 Jlo <p/q :(LjUI ^....-.H ,iJa*J|) <ikUI jUVI 

... <e <7t <v /2 Jlo <p/q JiAJL p ■■■,>! :(<jjUJI joi) SlklJ ^ jl^VI 

... <7 2 *V2 Ji* «£y—JI cVjIjlJI J^ zo^aJI JjtVI 

... «e tK Ju *<e^?Jt pVjUaII V^ia. o—oJ ^pJI ^ :<^»l ..."mil jLcVI 



jIj^VI yr > i <">" 1 *-oju1 L$JLi (<jJLuJI Ajali (jlt J o"t im'i I l(i au i.ijj [jj-a-j JjjlJI alj-tl ^^j* «fj^jjUII 

J\ i<^uAl\ j] < djla«U tLiL^l ^m"» ^Lil) <lklJl jl^VI <A-^> .nll jLcVI ^ £AfJ .<aja ,^iH 
t^o iiAilaJI jl^tVI (jj^"*J .iiLLuJI «■fauoJU 1 \r. jjn'ill tj^-aj V (^111 <4ttU'tJl j^£- jl.Af.VI ^ 

LL^ ^^13 Lf l}\ iUuJI JjLfc ^j <<3_Li^JI j+L jUcVIj <iki*JI jla^Vlj «i^^-^JI jUaVI 

t g j t C. Jj .,".% II tl^-oJ jljr.] ^,-A Lji^ II jljX:VI .(^ALaJJVI M£ ^ <jL^^UI ^ J^aj I flj5") .n o 

<<&kla j_l£. l| ^» >j .4ila\n j\j£.] <jjjjjl jljX.VI <j^*-J .<j^aJ1 CjVjI 1 all JjJLsJ^ L^-aIc Jj-mSlsJI 

.4*flU'trt jjiC <xal «itjftll jl^f-VI *i a^. j 



.^I^JI UjLualil JoS dUjj *aequalis ?^K1 J ^"^i 
jjut 10 jAx. ^_Aj *2x5 = 10j f ^ t j j U. jj«c ^.aj <2+5 = 7 ^Ijoi .* jAJI 

?^j^ .oli jl.itVl ^1 <LxaaiaJI Jy» Ujl^lc] Ji^. £-+"JJ \±Aj A~ J^aJ LljLi <2 

j^-c <J-Aj_a 5-JLuJI ?^j^ <^H jlxcVI o-il^ ^ ^ ^J -~ 2 ' "1*0. U, ■-. ^j 

^p «Jali jjjij^U jl^ltl ^Jl ^JjJ j J*jtU II jl.JX.VI LJj-Ja < Jof <jl £-°J 
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<-ajljljlLJI jIj^.VI (j-* subclass ^j^ «■** «^ xja^Ji ^1 (s^ yj *^H fjfl ** 

<^j^xl Li-3UxjJa jIj-cV CjLLcL.A-0 O m j 1 jlj-ct j^j-Aj <4_JjVl jlj-cVI ^ n hij 

2, 3, 5, 7, ^ ^jVI CJjVI JafiVI 6^ '^J .(l^-ii jIjaVIj 1 »U n ,.,L) 
Jl^L <o<l 3^^111 j^uuJl (> ^V lllj! ooJ ,Sllc ,15 jjjJI ,11, 13, 17, ... 
^jjj£. e-jj-ua J-uoLaj <l!c jji^jll (j^f V <gV ^Jjl 1 7 jjjlJU < JjlJLJLj .3x5 

" * *' " " * ' 

^jft'V 1 (j La fr,, mi a 't <jl L^^ jlvlC-l JJ^ f\3*-* W^i - ^JV^Il jlj£.^U A j ml inVI 
^^jfc 4 j ml mVl 4 a L II 6J-A .^j-loJI 4 j I o C j^i j h j II a-lc - ^j^LVI jIo-cVI 
f^J-JiJ L^jCJj! (^lll ^LutaJI a I f, (jA 4-j Lol.ii.Vl iLA^jjual! ^ uil.mVl ^ j*\ -\ fi II 
Ij^jt <j| . <lljt jl.ir. V *U^J V>*^ J-*-»La> >A (S Jt ^ a ^ ac J^ <^ ^J^ cpJ'j 
<aJjl jlott ujj-o-a J i^l-a <LL*-ajj <tlc j j t » a II (^SLaj <}H-o <9 365 81 1 Jj_o 

^jb <1^LujVI <jjbj unll .(3x7 2 x13 3 x29 ^a 4JL*JI 6Jj& ^^i) $^e^J P^->^ 
J-^olj^ <j-° j j i" cm" ^^jJI *4\u^ II coding (jj a A" II) 3e^>>^' 9^'j^I J"^' 

^LujJaLjj J j -^ x> O uul 4_JjVI jIj-cVI 4_jujIjJj <^jj j>*S ^±lij\ £jj>J±C <--»j-u3 

r' ^ „i 

^^fiULj dLa-A Jlj>L-a t>^ f ^-^J^' jl^l£-^U iiji^a-o 4-C j j " a Cil j i r>l -s 4-aj 

6wLa c5:o^I .(ilLLk (jj^j j-5j) j^ I pL^j >44 j 1 -' conjectures olll-aJjl 

6J^_fl :4aJjVI jIJlC-VI J^-o <11o jjl£ JJjC J^a-J -j-ic- tj-sajjj f^^ujjlfll t4-SjX. Cil't.ft^ a II 

IJUj .2 13466917 - 1 (3) y* lllU ^^^ ^Jj! jjji ^j .cJ5^ Oj^ S^-^ jla^VI 
(j-* ^Jjl jj^. ^j .Mersenne prime ^)j v ^ ^jl jj_c cr U JLLo jojJI 

.•^jj-JI ^}\ ^^=wjJI iM\<ftj& (c_.LiiJI \Xa jlj-u»| ^jjt aju») jVl jot ^^ <-*^*J 0^ ^ j j^ bl (3) 
http://\A^vw. utm.edu/research/primes. 
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/457 v uyi; ;f Jc : ' ■'.;.f : , : •':..;■ : /•,.•, '" '•'••'.,,'. ••".'- • , •■•:..'.;''• •'■•:■; ;■•••> 

CrtJ^ 1 4 tr* JdjJI 1:u ^-^' • £-# ^ « mi\ p ,*ij^ 2 P - 1 J< m» 
^j ^il* 4 LuU o^J* SLol£ <CL>L£ Ujj! IjIj ,2001 ^U ^^p/^lill 

IjLA jua^J v "^ 4jM nt <JjJ ^LaJi j>L2jVI AJ-Aj <(4 053 946 jJb jjVlj) 
<1^LL^ <fjj uiJ ij-a ^>i<3 (j-o iflJj-JI S^i^JI <lljVI jIj-cVI ^ n „m .ujLSUI 

jj£. L^lj j^jj (S^ «L^-jjj ujliLuoA.il ojIj <jJjVI jIjx-V1 o>j£ I ftKj .titanic 

^ j I i ^jJJjlJI {jjlj «JJaVI ^J J-=^Ij <£-ljf J^ ^^ ^ o- 6 jKi-^' ^ ^ rt J 
jl^icVI (j-"j *Spj^l jIj-cVI Jj-o ^j-j^L* 1 n o *^ j ^-^o^ £H*W cr^J -tlj^Ai^-^J 
<twin primes aIoIjIII «IJjVI jIjcVI» <> *e^ ^fje <^^ -L*- c^^" <fJjVI 
L ^ajjj .^LLol^j ^LJjt ^>1jj-c 13 <1 1 ^jLi lJS*s ftj <2 I o \j% jj-iJI jIj.c.1 Lr ^j 
tfj^u o mijI ^ ^pJI) twin prime conjecture «lotjiJI <lljVI jlj£.VI iili^ 

<jJjVI jlj£-VU aj ^j-oj <<LJjVI jl^ltVI (j_o <ii-o ^^ JJ£, J>a>J ^^-Lt /i'>^ rt 

^jjj-c J^t ^Li <( jVI (^^-^.j .^jo"^ o ^i. <Lfj'j <jJjVI jIj-cVI Ji-o <<j-o1jjJI 
33218925 x 2 196690 - 1 I n & ^ I i jj » « <j j J j-3 p j j I J 
jj_c J^J, ,2002 r U jrjjJI llj» /i jJLfl) 33218925 x 2 169690 ++1 j 

.(Lij 51090 

* LiuSl ,illai .<lljVI jIjc^J <^>^VI ^m^^II olllaUJI ^a j^i\ s^jj 

^k <1JjVI JjfcVI J^ c^ jj dSl .S. Ulam (1984-1909) ftji ^iiL^l^u 
<2 jji 3 jjjJIj '<^-aj (^.ll 2 jjaJIj iJ)Sj-Jl ^ 1 jjjJI >*j^ <(t_J^J) oJL)^ 

<<lljVI Jjx.VI g-ift,^. Cilic-j flil-Aj *4 jLluj ^l 5 JJjJIj <1 j^i 4 JJjJIj 

aVjI J q »" ml jij .(3-10 J< uA\\ jj>k5 lajUA. ^ i aUU ,^yi ^J| Jj^ L^Li 
Lukil . 4 luISj fj E. Teller ^ Jj'jjI £-* g^l^mlj :^>^^ J^'^j jj^'H Ij-a 

tj^j Lo^ LoLoj) ujj ^ A 1 1 ?j ml i„VI oljill (^ <11jVI jIj-cVI 5^ t-°j 

ijJ-o-t ^ LLluLuiI IjjJ Luajl (£J>i '" A fj^ f (^ ^ ? ^ 4j mj! uiVI SjjJI 1 JJjJI 
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:j#H 42s 




^Sl^ jj^^z Sul .pVjl lJjJ .3-10 Ji^iJ» 

^Li <<-JjVI jlotVt £-3l>« Ju,.\.-v"tj <J<s n. H 

^iU'ifttl (__jAaJ Jat <_£jj La£ <<J^la3 JlajJaA. 
L^J ^LJjVI jL*VI dj^ ^ <*\ ■*,'.'» 

.LAjI c5j^^ jIjlc! jjja» (_^ I^jU 



^aJI - C.Goldbach £LjJj£ ^Lm m^ £>*^l <1742 ^Lc Lr ai .Lu&J ^u II 
5! L. Euler (1783-1707) JJ jJjjJ oj^lt ^lUl ^j-u^^l ^LJ\ ^l 

<jLfl IJl5LAj .(^IjJjI o^fJ^-C £ j a^ n j-A 2 <3-a ^"^ LT^O ( > » J . 1 ^ ^^ J^ 

^Ul T I^JUVI li-Aj .3+5=8, 3 + 3 = 6, 2+2=4 ..., 47++53 =100, ... 
j*i.^j <<jSfl ^jia. *gLju| ^j jJ <Goldbach's conjecture £LjJyL <\^\ n a n ...u 

(j\ {jA 4jLil_j «bjJUuaJI (j\ J±£J .«tl^^L-aJI 6JJ& J^J ^-^ ^T*-" j ," lAnl l Jj (j ^ II 
.a-ooJI ^jlnf (jL*-*^ («i lj-A A-aJLi l^.^l fc-jj-^kl) Ajfl 4 n ^o 3**/"* *^J^' jIjt-VI 
.'<J^2 uUjj Lo 6LaJIl-J \j~\ \jSj dj^Tt j <i m /<-*£■ VLx-o (jJ^ ^ 4 't <i ^ o W (jl Jaj 
V OJ^J J^S f^JiljLAJI ^jjj ^jJjlaj <lork-oJI <jLi (ju (j-oj <l(jjlC, tjl-A^J ^*J£ ^ ^^ 

^jLAjoJI 13-Aj - LfJj-^- <\n\ * II 6^A CjLjj[ C?>^ ^J *5^^ jlj^» <jMj P- j ^ -n ,f> 

.1937 ^U dlJjj J. M. Vinogradov (1983-1891) uijjl^J 

# # ^ S* "^ « 

<jld£.VI ^-a I^JJ^. Ujli-o Lusa! aJj&j jjkl ^jlc ^*jtt^ JJX. <U-cu3 ^jlj I1a 

rational numbers (iuUJI J t<\% .n'JI jt <«uIL»JI jl) IlLuJI JacVI ^a.,,!*; 
ui u» a * m ^L^ Lojj J fratio ^ rational < * K opL^.) 



Ih in n L-LlL-cu. 
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jIj^VI uli ^jit iliLol^j '(Ji«-ll u^i a'»* ■»" Lfil >4 <jlj^VI oJ^J «rational» 
3/7 = jj_*_JIj .1/2= 0.500 000 000... :j ? '. 1 j p j , <_a Slj-il 
«<iiui jljfcVI ^ !•>£** jLlSjVI ^iUa ,Jl£ J^V .0.428 571 428 57... 

.<dJI pLi 

,-S jjjj Vl^-ui *Laj <jl j* uu mi j*j\f. <LjJ^J&3 <j^l ^Jl_ i g )*m imjj <Cj1 ftjm" £>£. 
6J-A Jj^-J * $ &l£l (j-A Jjl ^jlS S^jjj^ m U (jjJklt j i in*t 4JL^uaj I fl lc jj^n" H 

^d'&.^u oj^j tjjill f^jjiliilll ^ irrational numbers <lki<JI j^ jljtVl 
<yyi U ftnn ^1 <UliJ c^ ^ <x5l^JI iLi^JI) Croton ^ SL=JI ^ «l^ 1 

< (a| joj CjL3j2I tj-o C^flj ^j-S o*^ <Jf^"'' U^-J * ° n '* ^''O cih *LloAj (^uj^C-Utifl 
y 2 j-Aj <2 JJJlU ^JLJ-J^lJI jl^JI <jl t-J ni'^1 LsAlc Ij-A J^ IjIj-j a *t< I 

<!&. j^Aii\ u^-°f *^j «irrational jLJLo ^i. jj^. jjhj <1.414 213 5... <jj\ mj 

s« ** 

aij <LajJsl5 ^1 S^jIj U j -n o 3 j m ^ 7C = 3.141 59... I ^ \ n «A ^ *iLLjil ^i. 
aLc }La_fl (jK\ n j_i£. <j1 ojjj <1737 aLc jJj! tj^5 ^_* % j-ojJI jLaUcl (_gj^ 

** n „ y /C\ 

^La^JI (^j^. ^3JI) L*-ajt 7T JJaJI ilLj-JI ^a£ jlicVI ^j-a-ua ^*j < /1767 

ci^JJLLII ^Lu.1) e = 2.718 28... jjjJIj «(1794 ^U jLl* ^ ol ^ 

tl^ n .Aft Lj^UiJ tj^aj V ^jlll oIjJlx4^ij^JL iilc. Uj-fcoLiJI (jl (jVI i-fl>aJ J^'tfl .LoLaS Ljf^a-° <jl£ AiJ (4) 

ijJSj f^jJLA-JjJ i^Jlj ^j^J^SJI J > iuSI fc^llj (j-« &J-^u CiLiflS (jJJe*i JuAlCj «LljUl_al ^j l g r> is*> ^ ^j^ a t (jSU 

«Uij 1589 jjlj jl^iLlU 7 j*jjj| l^j -fl-SjV! ,j^ ^Vl 5jx ^l ^j-^j TC ? ft ji ^L....^ c5>a. (5) 
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• uUU^r' 430 
(3-a ^L^Lj-LaJl jIjlcVI jj-^aJjj .real numbers tlS-tJLa II jIjlcVI <j a <^> II 

Aji" mi a laiw j^jLt lat-ilj <JlAx5a II jljJtVl laJj <jl .jlklJl JJ^J <<lkiaJlj 
c 4 S 1,1 A. a H Jaj U -v H CjI t <^>1 -v - 4.mj"i A II (jt uJjJt-J ^Ji <Lo-jluLx S j U -s jJb 

£>l ^jS aj - «LLJLiJLaJl jIjx-VI oLc j a 's a a-j tl^J < kVill oLc. j . a's a jxj <j^°J 

li-A <_£ ^jJsJI Ij-A (/1 I 4ii*t <jj ^l j n 'S II a-Lc {jjt Lx.jJ LflJuusj-J g-^-*^ 

(J-ui <olj <AL>jJI jj^ 1 1 A .t I ^jJLI Lcj^>i A >4-s jjuiJj hh!-^ *^J." Lua> j^-*' 
**** ** ** ****** 

ilsjj .tjj*;^ A--ujjt ujLooJI JUw-A (jLi ii^LaJI ^j .(4-10 J£-All) ? i.oij II 

JJjaj-J j-jLoJ^fl ^j-j-oLijJI L^oojI ^j-^ Jj» (J*^ <<j)j-a». (>SJ <jV» i \~\ ml <JlAjjucJ 

^JUJI !,]•■_■ -■>-; f Uj ,1915 f Lt L. Lowenheim (1957-1878) ^4^-4^ 
Jl* «1902 r U A.T. Skolem (1963-1887) ^^ j|j^ cyJI ^j>UI 

^0 <X.j o -s o ^ I r, fcjLij tj.'s a j <^>l t n 's II aJLc wltl^S^ <JjC.I^JLll ^j- 6 LoUaJ 

a U " ^i j -s <All tj-ajuj < .9 -s ai o^f ^jj .a^ionns (c>lj^u^H) ol a I m a.II 

eJj^a^l *^_*,1 jj iL^LJI j a luSJI CjIjIaC pIjjsJj 4jJLajjjJI jjJlsJI rtj's*** <nl < \\ >^ 
<j1a£. g.jon J-5l>ll (^ dLiU ajJ^SLxu - ajL^jj^J <1a^j-aJ Liij <j1 ixojXaJI ^i 
^j^LSJIj f^-AjjJaJI p-LSIjVIj ^f >^oj) aSII) AjjI^SjI tfl tM^j ^11 (j-* £-*'-^ ^j^J* aJi ml 

^JLc IjLalr,! Lfjjt jj^lll tj^-aj *oVI u -1^. LaUj^j ^^SJI ^<lfl^A-JI f j>HI aj-a) 
<j-a Ij-i-^S 1 a mi (jl ^-a-s :J <^>4,ll <-ajlj ^j-i-c- ^ mi 4 "t ^ <nll t%-a£ljj .(ol a! m a H 
j-^i fc*£ i i /^>j 4 «a j i ^ <QI LJL ^j^ jni> !^Li ^1 m^ 11 a U I v i »oj^ *-^* ^* 
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431 c»! ,.i*;,fl ^lt 



^^S^^^^P^^^^S^^^SI^^p.^^^^^^^ 








o.aiU *Jui 





.4-.JI4JI ^U ^i 6eJ>^^ 'jh^ r <>j «*!'*« H i^ jjh-=^ JAj^ 1 tf^ o 1 * -4-T0 J*^ 1 

<JLaJ| Ifl " t n <A (j-°j) j naiLlHj SdSljjJlj <lil£_<JI £jJoiJI jL^C.1 p5l n o JI ^ <j1 ^J^ Lj-4 (SS^J 
- <jVI <-*J*-> Cy^J .4fll"% ^ oULaJL Lj>i-a « kflj l^jlc J i^^\ jld£-V IjLiliJ (S^ljJJ <_*-aUJI 

4 *m> a Cj'^jJ ''N 1 «LuLlu^JI OL» msIaJIj pLukill «LujJj-A J^u «U&jI^JI ^jV' (5jJ <jl l***&n t Ij£j&j t^Cjj-^ 

* Lr i*j IIaj .ijjLaJI <j/y=JI oVjL*1I «Jji ^iiu» L$_il ^uu <transcendental 
IjIaj . (7> 3x 3 - 5x +7=0 Jlo jkji.M <L^ oVjUI V^U o. ..j I 1^3 ,<LL^» 
■lj ol <n*i o o^jJ u^-1 '{sjy*- J4-^ f-* o-*j '^ -2 = <JjLxaJJ J.^. iX = tc <jLi 

<7E <jli lil tX= e jl <X= TC J£ .t Jl ^ J^ L4J £^JI IlA jjdo <JjL*l J_^j V j 

Cajj! f 1934 aLc /<-ij .Lukji ^jlj^l ni" <% I a o *<l Jj ^u (ii^ h fjj 3 K *i o j-lc I m.t1 e 
f Lui» jjt a b J A. Gelfand (1968-1906) jilik joiUiSJt ^jjl ^LiJI 



■<aoA .^ jlotl a n £jo> *a n x n a ni x n ... a n = 4^.^11 «b^^aJI <JjU-J1 '^" (7) 
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U 71 J-XAJ ( 3* a ^- a J^J *J^" '^^ b J f 1 J j 4 n">ll j^) l^JJ^- 3 <jj^-* La^l^ 

:{£j^s> J2 jjUvll ^£ jjmJlj t(jj\-^. jjii 2 ^V A>LuiILa <MlLo <2 jjLS IjlSLaj 
f-uiVI (jlj tjjfc .2 Lfia. <jj^ «JjL*1 j>^j V <jl f( jjl <VU>. <jLL»J <>aJi IjJ 
^f-vjj* <j-i laA-o <iJl ujLi^ oljlc- l*^*j fiLUilj j^=«JI ^ Jft »n a <«algebra» 
±~*J ajj jJj .o^jLalt J ^ i a \\ « * j\ *. 11 ?,A K jlj 830 aLc ( ^QjI j -* -H 

1 Aji*»" 2 X= 1 Jjua Ci^jljL-o Jjl^. (jl .«<Jja^ Ijljill)) <Loj-oC ( ^ti .t i . o j (jljX.^U 
Jlo oVjU-o llJbJtJ (jjia. ^ <(X= 1/2 ^A ilUJI 6J-A ^ J^JI) <lkla Ijljill 

onj ^i iij^vij f(x = 72 <J^J» *^ ^i j^ji) uLi* ^l U^\ x 2 = 2 

eyjJI) ^=^/2 = 1 Jl* <cjVjL*1 Vj-U> I o 4 u=>j^ jj*j»Ull jUcVi j>*-o^ l^-^J 

^l) x +2 = 1 Jlo oVjL*I V>U L^-Luaj^ iJLuJl al^Vlj <(x = 3 l+U 

o 'i 't « - . o 

J.^. j-A Lai :4 t\%\l\\ 6J-A <^c Cj-jU: 4 U j ...^ <JjLjl-o Iaj t j£J .(X = -1 1^ L* 
(j-aJLjJ J^^-L^- ^-=^^ *^ *GLj cJ»ljlx.Vl J^J-i^J V fLaj-A£. <o J^ << M -AjJ> (j^ ^J 

jjk ^jJI fimaginary number i Jjl^jJI jjaJI ^jg 4a b^ 1 ^' «^ ^oVaLall 
jV <<lxLJl j - f^iVj ■( i = V' 1 j*$ c5 JL "-^ c^l x2 + 1 = JJjUil J^ 

A_xul <Ulc tj^llnl oli <Jjj^j-a ^-£- *<J t^ATiLua-o (^lj *i JJaJI <jl lj-lla - Ojli-»J 

.«(J-^klll» JJjlJI 

Vj-U. <x -x+1= <JjLx-Jt Jio ^oVjL*-JI ,A.*-ii ^1 ^ ,A"I La (jU^uu.j 

x =1/2+(1/2 yj3)\ iljU-JI aIa ^ ^j (illl^Jj 4jqj^ jlaii] ^ <-iJJ^ 

.complex numbers i^olc b(jxi jlax.Vl ala ^ a ■»" .x =1/2-0/2 ^/3)1 j 

,J — j's" jj— £. o-«j ' '/2 ^Jh «j— Li-SL^» Jj — c (j- wJu^-o Jjal (J-^JI <l m' t q ijj 
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mmMmmmm; 



a'-s*. *' V^- /* ~v,- !^ ,*-* -r' v-- - C- /,»,'!= ^ ^ -'<••:.*- ^'.*, " 



<j-oj <\IjL \\\ ^ II JdJL-ll <j_a ej lj^-o ^LUt J-^JIj ' + (1/2 ^/3)i Ij-A 



JJ— sJI <j-oj (1/2 
P-l wa-V LAd-tJ^JJ 



j-cljJS Jj-^j ^ jj V J .-(1/2 ^/3)i :Jl_^li!I 



4 i^sl-N. <tj «« .>^> ,\ i «j 

^jt (jS^ojj .Lijjjj j t ii) LaS <a \i*i .mfl .h>A ,— fl «UAiLskJI jlj£.2l <.-ij\p> U* ^* 
L^-Lo J£ Jj*i fTt c 3^laJI ^-o <j1 djda LJU> Lua^ai. Jil <jjJL*JI jl^cVI p^aj 
tfi iiLuo-aj JJjlJI dJj £ya *1jlL* II a ujJLJI ^J J^^ '- 1 J ^ 'j" '" A <_$-* j ^ S 't t 

.(5.10 JUJI) ^Jl jj^-JI (jit jiLu^j ^r^lll f mil) ^Ij <<^IiVI jjr-J 

1 dJL-k^ ikSgj <L!Lo3 l^^ iS^ '(1/2) ^j'^^Jl jj JJjJI <<Jal m m <jjfc 1+2i 
Jd£. ^ w >-jiilJI I Vi^aj j .jjiflVI J J a ft I I <jX. ^-lu 2j (j-auIjJI j j ^ ^ I I j3-« j»-*" 
^j-a ^-^jj^/I uijilJI ^ 4 ojj II <jj£j t±i J *s <j >J .ojjJI jl ^ aj XaJ <-jLj (jJ^jLc 
.^JjuLjJI 1 uiUl ^^cuVI ci>LJI ^i Injili tjJ^JJ f Lf lilaJI a uJlU «LlLo J J U" mnll 
Ijjj .4+31 ^Jfllll JJjlII <C»! j^i > *>5Lfl t jLjnjjJI >?^ i^ti L&JUC JtV* mi n II ^j 



( > b a » "> i i ^^-aJI 



-1 -3i 



1 +2i 



•2-1i 



JJaJU tjjj" m nlf ^ jUVu «lLlUj ^floll ^jjj (Jjjj^^o j j JJ£, jjft ^JAaJI JJjJI -5-10 JVtnll 
oLaJU-oj . ( _ r ^l J JI j>=^JI ^ SA^Ij §J^jj '^iiVl j^^aJI ^ 0^-^^» JW 2 "1 i i^ijd' 

<t Jj^j^iJl Of-*'-6-' ^L^^ <4lal mn ^ ^jJAaJI jljtVI 
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§§>M Wv 



4 J I J 'N " II jljX.VI J>J ^jls :J-Uj V (f' JjJI Ij-A (j-0 Jliai! ft-^o ^LpjLl j» it." fj 



jl^lCzl 4 t fl\ ,-Jfc Lo :Lo J^. ^J| {j-*J " " * ft (JJ-I\JH JJ lL?' Jjil ih t J in £ 11 Ij-A ,_fl 
tlilj^aJI ^Li <*_S^jj J-i Lo^j S Jl_a> J^ ^ lr jlj_cVI 6*i-A ,<-& Loj <Sjj^j_<JI 

.^jjlj^ujJI £y> dJLtl JjjS t r 1 1 

^j_o <L1j2 f<l<tttU) Jl^lC-21 (j"° j " ** A J JlC ' '^^ £ ' ^*J (j' M*y Sj-laj (j-»-AJ 
«<jJLjjJjI^)) ^ l-^>^ '^ (J*- ^-*-^J -JjVI (J| ^aJI ^>l*u (j! (j^J (IJj-aJI e ^-a.J 

60^1 «jIj e-fll .ti<" .,tl Hilbert's hotel ci^la J^uij .iifllo j^£- 3j»jj U 11 jl^VI 
(^jJI (D. Hilbert o^Aa j j Ljj ^LJVI ^^LjJI ^JJ ^>4 J-*J «JjJLIjJjKII 

^-o <H-o ^a£. J^it ^-o t-flJJ^o Cj^J-1-A 3^-^ *i3^* V^J L*^ *4^ fe^ ? .* < ul V* m 
j^^k fjjj ^jil hio J i^ij .<jj*S hio t—fl^iJI ^jn-s tJj^* Lf^~^' (£"** LT^J <t— fl^^^l 

* * n^h * 15 i jl :«!<< K <ti r\ J^^-* V» :iljL5 (^jj-oJn & j \ I a r^j <^>j Jjdlc. .J^jLlu 
(S^ALi ^jVI <i>»JI l^jL; t 5jjU n H ii^iJI ^Jl ^u J£ JSiu ju *V>lll 

,-jLi (<JjJJ| tdt* ^>-o j a I " n OJ5j <c^J . i \ U ^ 11 *^-Sla-lcJI ujI *j" "» g*"" mj 1^-JJ 
2)) I < LkJu '"'>*' & r vaaj J^JjlC q .JLiI-uj J^a-a. Aj^ < /j-t yflLui-aJl ^j-° 5*' fc J-***- J^- 
t ,.4a ua L^oUjI »-Jj£ ^ JLJIjVL t-Jjj < A 11 j> Irt^ J"^W f-J^iJ <id<K m o J^-JJ 

( <jJLL <jjjiJI aUjVI CjIj »-fl^i-JI Jjji^pj '^4-fj f W^ W^m (^Jl »-i>iJI f-l-Sj 

O^* ^^ 6^^ C^^" ^ U^J 'f'^f ^° Lf^ <J*" LT^ 0>°VI Ui^* ^ 

:>kl Lr L ^tjtU Jit j n Tn j l^jlf. Jj >rt^ II (j^-aJ ^^1 ^J fiiiaJ-JI jl^U-VI 

Jys J^-J-i Ol jJh rt_ual^JI t_)l^aJI Sjl^ltVI *^L1j <X.j n ^ n j i ^1\ f J^lC j-A La_fl 

jj5 j^jjj ( (jf^ ^j^-j <53/67 J/2 J/4 :Mlo) 1j O ^j *JL L^Lo Ijja. 
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yi nu\*\\ jLcVI ^j c£*i 6_1 ° J*^* 

.(countable jjJJ 4.LLS) denumerable Sjjlc. 

^ j (I k "t 3 *>-uljVI Jj-JuJI y-fl Sjj^.J-^JI 
.(SjjSLaJ) jlj£.VI u^i ^ d '* ft '^ L>°j) ^Sln'mll 



aJLaj <(jji^ L^^-j <79/47 <5/3 <3/2 :illa) 2 d ^ jljjtVI a Ia ^ ^ «A 

JJX. Jii fl 't 4_ULxjiaJI jlj-C^U (j\ jJb rrj-\ ts> II i^LijiaJI lJj^JU dlJj £_AJ -Ij-^ 
■ 4j«nUII jlj£-!>Ll ^1 LI^jMII ouiij («JLuJjliJI ^nii La^Ji :<iLl&Jl jlacVI 

iJjLLa Cl ^ <mj >' * a <6-1 J*S itlll j—ll j-h 'i % t LjjX,J rtj^ <^t lj_A J;1 (^j-lJ 

^ s 

^k A-<-uj tjVI I 'l*^ ^i t .A () rt ^f^" '^-* (1)^ <1/2 (_gjl <n_> L^-O J^ Lf~*~^ '4/8 J 
lj_A ^^si J H iii'l n) dLlj JJLJ .J^ i M H ,— S (J-^° s^ ^*^ J(J <riS]l ^ lrt-% \ J-6J ?7jaX6 
_ JJ ni^ll « U-% ^1 ,l^j <<J&JjIaJl 6J4JJ .<LHj J-Oii Jil ... <2 <1 JJLJJ < U^ II 

one- (j^Ij ^l s^\jj <+d-^ ^i^* lt^ U-* '^J l>^? - <^=^l jlax.yi j-^a. 
JjjI ^j uji U II jld^Vl j i vs ^J .?j^jiU11 j!jx.V1 ^-0 to-one correspondence 

.2 j 1 (jjuj 1 j (jjij <lklJI jlacVI (j* <Ilo ^ic. jar: <L£ .<jjuAokll jla^VI 
- <(iln..tftll alocVI jc. LojJ Iv^nj *ljL^xLklj !2 j (j^ iiLpiUl u -^* I4J <J±\ 
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Jj^JI ^^ic J «~*^\j - denumerable (jjlU £LL5) Sjjlt Lpl \$\? Jjl^j 
<jj^>j cAsj L^jjj .j-*JI <ui ^^>^j (JiJI jlj£.VI (^j-o (j-c- >t>jJI vU$ i «iiL^-JV» 

X _J ^jJa ^ iiJj-o <jj^ 4JjL*_a J^ ^1 ib^-^Loj 1 p j 1 r , Ur SjikJ pLLIJ 
.(4x 3 + +2x-1 = iljLuJI ^i LaS) <Uj^ .n jlacL <jj>*A-c (x 2 Jlo cJjLc) 

jlj-cVI - O^jLa-aJI 6J-A Jj K j^ (^-^'j c^l ^-^-'j) <j^^ <LLLLq i^j IU 
6J4J UU 4"^ I Ijjj .C>VjL*-JI dia JAaJ Lf jJI ia^a^JI j|j£-Vt J^JJ - «L^-t^JI 

^Laj _ <Lj ^ II jl^tVI _ Jj-UJI oL» Jj-aj Ji J Al A j a (Uj^Ij ^_i iLULJI 
jIjcVI <jJLljjjl^ J^Aj L$J jjli fjjo""io ^i£ l^Jfi *_aj i^jJJ iLLS «u^^ll jla^VI 

■jj\nUII 

j^ jj j »"11 cj^*f *^ lt^' *^ t^*J '^IkleJI j^ jIj^VI jjx. jjh L» <<_£>j 

^j^Sj Jj3 .\$\f\ <Hlo jj£. Ijj£. <Uu ^y £j&Z I-^JJ ^UjJW" U^^ 1 ^j "'V L^-lfi J^ 
{ jA *<j^11I < .^ol'^ll ^| <aJLxJkJI J^VI iJLbJjl^ (^q ^j<3 iJLliJjl^ <lklJ1 

uijLljj^ rjj^- 4 o miI ^-oJLc ^j-^'j-* Lf-oJ-5 <5JLiiJI 4 n mi II 6JJ& S^-o Jjl ci">jj 
^ *UJIj ^Ul .G. F. L. P. Cantor (1918-1854) jj^L^ ,_i As\ ^UijjJ 

^—fl <jLl^. phin ^jt*Lc^ ?\}Jl "'J l c)!-^ («-* ^Jj C^^l^ <lj '"JJ C^* ^ <iJ > >Ajljjl 

L. Kronecker ^fLij^ jJjj^ J .^>l ^ »j ^cuS^I dJj ^i <JLsL=^o ^j-u^LjJI 
jlS ^illj .Ll^LjJI LLcujVI ^i j-^lj jjSLu ^^j jIS ^jJI (1891-1823) 

p ^ ^ 3? ? "* "" „ > 

jjSjLS Idj J_5j .<i U \ n II jljX.VI p! m" iiiL jljX.Vl CjLc^aj nfl^ (^ic J_oLaJL» 
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iyuii^sii^^Mii^^Siii^ 



<■ t.*t *\ j ^L^ ^jJI j-a Bacon CjJ^H l$ L^t-*-* Sj_£i * j I f - ojj ^ ** ml jJ5j 



/ UJ* 4 '^ - * *J \j V a ' S luSj uu <jlS I fllifl LoLaj f^jJl JjJua^ t „ 4 <7iS*i i i u JjlS 
•l-o dLlj tiljdJ J-Sj f<_jL^_j^UI < a. i ^^J Pj-aJI J-aLj^ LoJ-Lt iijLawO jJb <A_jJaJL 

iiklJI ^a£ jI^£.VI <jt ^v^ ''K*'". 4 ^>^ j>"^ ' q.mVsI 1874 fic ^ 

otjl im _fi «4juIj L$J (^>^>1 I ii ua j t*CLai *^ J a**i m\ m .4"§lVi a U jljx^l ( j^a jj^-l 

:(j-cujVI Jj-cl*JI ^^ji) j-jLjjJL LajjLjj A j j^aj «J&j Lul^iuc SjtLL^a j|j£.1 



1 


0.198 402 957 820... 


2 


0.438 291057 381 ... 


3 


0.684 930175 839.. . 


4 


0.782948 261 859... 


5 * 


0.500 000000 000.. . 


6 


0.483 913 562 785... 







A mi II tj-° Jj^' ^-^J jL^-L? Ijj^- ljJ£- P^ m n fdllj JjUflJ .Ifl-ji ^JJ V jlyU-t 
«(j-iLUI JJ_*Jl <j-° (^j-AjuII a mi-ll (j-° LT^'- 5 -" f^J""j 'Jj^' J*i*JI u-o 1$ J ^ * ^ 
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; j£&Jl* g***): 438 

fiJ-LoVI iajliJI ^ Lila. ta^^o (..^uJ jdjJI Ijj& .0.350 047... JjiaJI *ujl!I 

lj_A jjJfi. t-iJpJ .Ij^Aj '^lill JdaJI ^ ^Jl^-ij <JjVI JdaJI J>£. t ^"^j *^ 
«tiAjjJLII jljfiVI (>* bar: ^5^1 (La-o ,jklJt j^j ^klJl) <al*laJl jlotVI Ji 

.uncountable IjlU &L13 jjlL J\ <Z^a£ jjlL <f*jl-> 11 alo^VI 
jlo£.Vl o^ Ljj^J LjJj jJLI -iLil5 i-j>51 iflLiuo ^ i^fllll 6jJb ^ jiklll 

<<jjn II jlj_cVlj <?ftU\ftll jlj-tVIj <<fjaj^U II jIa£.VI (jl LLjIj UjI Jjj .SjjJ-t 

,<Uol irnoJI Jo£.Vl ^c-A SjjJjJI £• Ij^VI 6jJb Jj-o &l n" m o II jl,i£.VI .LfrJUu^ SjjjLC 

4jnl nnn &Jjd£. ^i£ djflja^ II j|jX.VI J»?** jJI jla£.VI (jl ^IHLujVI I "ijlf IjJ 

% 

*( e J ^ uH^*-" lP-°) M^ 
jjl ^ j * "t L$_j| ««TjMm" niVI < ^ j" j II 6,1a <j^o_a1 ^ ^-ijj ^LJJa u_i3j2Ll 

<jV < - ol a 'j <MaJ-o \^\ 11^ (Jj^f ^ .<fjrtl m" ft jl0£.VI ^ ^0^1 mil <-Xa1cVI 

t, s * - " 

-J LlIj (il^LaJI ^j .«AjjLaJI» jlj£.VI <3-* ^C^-Ai ^All J^ <<jrtl nnrtll jlar.VI 

V Lu S J&\ <jlo\ ujIaJI jla^VI <jj£ £Lil^ ^1 .J^ (3-o I4J o * n m (jl iJJ ^\ nn 

JaLa^ l^\n M^ (jl jl <<-ijL^LaJI Jd£-VI (jJJ < L U d^ ^i^J <^JJ-a ^jij^U II 

E. Temple J^ Jj'j4 ^-iJj-aJI ^^ ^5j .i^LualJI jlor-VI ^ jlla j^ j^aj 

:JL5 a[ UiLj dii (3c 

^ aj -^ *> ii£ (_gj" m n!! Cf ic <-cjj-o r^j^j^uii jij£.vi 1 d ** n (A o-°jl ^^-^-ii jij-cVi 

(8) 

. <JLoLulaJI jlj£.VI JA cJlaj^JI jl^oJIj fiaJko pL^tu 

£^*ll >JL 3jtnUII jlacill - (^KJI jojJI - iJLujjl^ Jl jjSil^ jLsJ 

.1937 aU 3^ ($aJI Men of mathematics «Glj^. ^iJi Jj-a3 v l2^ ^i SjLa*JI *1a *^*Jjj (8) 
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transfinite <^llJ1 pIjj L» jUcVI a\ ..J m ^ JjVI j^j <(j°fl .^ JiJ) N 
N ^ jj<&-it LuiAjj . (9, SjjI^1-J! jJ ^ ^Vl cJj numbers N , N 1f N 2 , ... 
^ -lii^j ^(jJLHI ^Vl U-oJJI ^ x-| ob <<J-fj5UI u- 6 J°-^ >*-^ L^^ 
^l g <iila II jIacVI &Luijl£ ^^ l^l L* tr* J>^ ci()>lj t^HI < K A a II 

^1 ^^.lt jaI» S j j (j .t, II continuu hypothesis Jl ^"Vl i^-^i ^1 . L5 -U.1 

Jjl rg-Aj f N-i ^jL^uj _ a j a" ...a U JL-JI JbULi JJ£. _ <LLiLaJI JjX,VI <LJLuJjl£ 

.jjLI <\ j a pIjj La lj.it j! <Ns fliL!Lo ^jLcuj Vj <N jl*j iJllujlSJI jIjx,VI 

i jL J ^i\ jkloJI Jl*. ^ fiaJI dUj ^ «g! dJj <<JaL^J r_.i ^ ,i, dljjV 1963 ^U 
:L^ji ^l ^ V <T\ Mtnll 6jla ^1 (1934 -*Lt j^JI) P. Cohen (jaAjS J^j 

tJ^J ±* <JdLJdL*JI jlj£-VI ijJlijJjl^ ^jl aj <lfl*U-s jl Ifl"^ m CjL>j[ Jj^l mj j| 

.Ip K Ciil£ Lajjj <— «N2 fN-j ajSJI ^ L! 
.<LL$-jMJI *_o J-aLjlIJI j-lc q!j «AL^U (5^>-^l <-LU-o j n mo Li^jjLj jJLl 

J-Lij plj i^LjJl OjL£ IJl L« J-A LJj_Sj:: SjLjLj !jjj jl < T '>J ^jJI Jlj_iuJLi 
4 n ui] J^vJ-» (J-A <(£j£ «AJ-L La-a jjSI l^i o t.tlht LajJkc *La-uiLaJI I^jj-aJj l||"t\ftjft 
Jjl a ^ (At t (j-li-J LqJ_Lo^ S I fl i r, Qj)S m H (^^>-^ ^Jl '^*"VI <Li-j-aj_fl J-i-o <(jj^>-^l 

u_o5j!j 1(j uijj cjL-^>LjJI J^-fl («LlfjiUl ^J I^J j^-aj Jji t_i3jj3 <jju-ikJI jlacVI 

,JjJI CjI H ai jLaJI gAi> «Laj Jlj-i Loi *^-*J^ <Jj"^ r> d a >U 11 ^^ '/«-A Cal * ual *j'^ 
^LaJiLi l *i ^ flj" ,JLi L^_j| ^-j-i <^jpJ>LS ^jLLIj ^j N*"m ij-&J 'Laj^^j ^1 3^"* '"** 
JjlU <LL5 ja£. ?jij<^ll jljtVI tjL ^ iAq" ^1 <AfIlll ^1 I4JJ .^'^ II iflU. 

jldcSU «transfinite number» ^IL^^JI ^jlnt" ,„j ^LJl ^^ii :LLa MJi ^3^ Jl *i" .„Vl (9) 

.(jJtuL JJt (^1 (>a ^jS! (Lij-ojl) W £,j^ W,W 1,... :<aAy^lJl 
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<j| JlAJ .L^JjJU ^jlS UI 4 A*5" Ml A <juki isLij Jj£. <ijJU5 J LaJI iilftll (J- o' fj/ 1 *" 

<jjS-o (_y^ << Aj<a" mi a H «LalaJaJI J^aJL ^jlS La^-a 4jI ^2)-° (J^K^-*- LX>^ U' ****^*-> 
iaJaJ laLLj JJ_£. ^jLfl IU .JJjJI lj_A ^jL^ U * UI a ** 11 ^o JJjJI ^^j-Lj ^ 
£j-& il"i a" 4 a t J! m a <JU9.fi JaLiu JJ£- ^j,u^ a j_A Jj^.1 j jXajJLa LgJjJa << ft tVi mi a 
Sjp ui n laLL» JJ£, (jX- **4>2 U^ aj (^JJI La *^^H .«LaJLoJI S j ^ n II ^1 I \ i ojl 
^jS n t 4 raJ uj A 4aJj Jj-o j U a * t JjS ^j| (j-i-tJ ^jl <5^*^ j 7* "** * <jjVtlN P- l U" ml 
4 Aj*j"i hio <jJai j^-o <Ua£j J^ «_a (<jjLa.!) ±=Jj ^i[ J^-lj iLLLa ^ L^A-uaj 
Jd£. ^jLi IjJ ^ * >a" ...a II d-Uall J^aLj <jj*\ mi a II «LaJSjJl 4^1 m JjC jlVill « Ua> 
_ LJI^j_4uj1 j—II ^Jj^j ^-jLla 4^1 m a _ i (p^l m a CjjLS Lj| <jj)" mi a 4_jl3j JftLSj 
_ jILajJj^ jt jILajJiU - LfJjia <jlS L»l 4 o t<*n m a 4j*J=J£ ^1 JdLJLj JdC ^tij jJ& 
^ «-ta-ua 4 mfl't f-^^AJIj .<jlLi1^JI jtjX.VI JJX. ^jLluj ^JJjlJI (jjJ-A il^j 
^iAlo ^ JaLlHI JJ£.j <i_j*<[n ^i LUiJI JJJLfl IajLsljI JJ£- <jt£ Q a-^ 5JL*. 

o^lj (L^Jjia <jt£ UI iaulLuu^ <jlLS LUi*» jj£.j ( <-cL^a. ^IS LJ hypercube jjli 

^jVI a ^ ^ J S^ IsLL» JJX: CxJ^ C) J-AJ-aJI (j-^ '^ .Jl^-iIiVI 6J-A J£ ^ 

i» o 

■_* * "■ «JIj«Xj CjI«Xi Ua-ij .a-2^lj j" ****** "■ L^J^aJo ^nitlmfl <lih« JoLiJi Jd£. (gj/Ltu* 
«Ll^.» Cj^-lLA 4 \ n m * La ^—11 *■ la" M ^jJI CjLj iAUjJI j^j U o t *^- 6 ^^J 1 ^^ ^ >3^' 
■ Vil^ a-jJj ^J La iJiaJI f-^Lljl 4 *'*^ n J jl^i£. g^^Ti ino ijl^J^UI ^1 ^.^j <«jjjjt£ 



La ^/<-A La (J^JJ (LaIjj c> Jl -^ L^-Sj- 31 ^ lH^J <jld£.Vl £y& j ^ iS II «A^aJ *^l *— fljJ»-J tj^^ 
u> mi II jj6 lj_A ^l^ La-Jjj <jlaC-VI JX. &JjJ^-a IjS^ ol-JJfJI (^^J o^ SjIj^VI ^ 

>_ fi La j uli n il (c-^-ll ^j-^j-l' J-cl ini aJ .c-j1 mi ^ U (jijJ 4 hiJj (j II >_ fi a jj i^a-flu >— a 

<<-a-tS*Lui-a ^j)U^ _ «LajIjjuVI 4 miJ*^ II ^_fl <XjIj J^-«J /> fl >J I ^jlS (j jL ^ > t<-^ <j_jI hi^ II 

i? 
A-^Lfl «<lil=J| ^j .4^C^a Cijl^ A^-aLSjl ^i - <J J > 7i mi a J^aia-uj ^^L Lsj^uj^ J^lj^J 

numerousness «jIjaJII» j^ I-^j- u^ f4-^ £$ <o*m*- 1 j Ij^jg»^ ji 
facebook. com/ketabme 



<*L^JuVI jj-=wj A-xt .jjjuII alj jIjjljJI jlj LJ£i .number «jjjJI» j^\ (^o-Jj 
Set theory cA*. j n -s * II <jjJ^j ^>$-k LJL^ ja.*_Ll >±taj ^ II *,j $i n II j^j 

Lfjik (jpi-4-al t>o (^J «JJJjlS Ifl m i m l £-^>J ^J -J-«SlC. £_uiliJI JjM J^ljl ^ 

^yjA-ujjjj^ ^LLaVI <jl£ .Peano ^Lajj Frege £jji L-a ti^liJI iol>u=Jlj <5JI 
CxHjy&* .Casaubon Cx*jj^ jS&^ ^^ cjLl*cLJ\ ^i (1932-1858) j%j 
^ oULJI g-ifta. ^j.jl^ <-»L& JjUj u 1 ^ Middlemarch ^ijU Jjj^ <kl$* ^ 
JjUj o 1 ^ ^L^ ^ <19 °8 ^ ^Jl 1892 ^U j> ,6^^ JL^jl* ^i (JUJI 
Formulario <l-LJj-q ^ ol j ^LijJI f^J g. j n a ^ <dLL^^_a ^ioi 
^ /^1 jl^ V SijLi Ij ^^sj ». <AJ>* ^t ^»L^ jj^p-I ^ .mathematico 

an^jIj i^I *s r> ,-i Cil-J-A^>J-aJ aUSjI (j^-C-J, J-^ *LLsti Afljlr. Lq JS <j^«ill f (jPj-*^l ^ ^11 
<JI e\C\ ^jLu j uu A \ alif <jjjpa JLoJUuujI f J? mi"1j .Lla}^ LAj-«JlIj ^J\ {y* VjL» 

f <aip^Lll ^^k <liio cul^ Ujibl iJjj <*J ^j <«l_atino sine flexione» ^ 

£xA£ l^a^J <4.i uujjjJlj 4-tj J&^lj *LxjLaJVlj 4 lLaj^UI ^-a I (j * o^ C*ljji-o l£J^*lj 
<j! (jlaj Jjl^ Uuj (_£jJI <^jLu (jl .<-»JJUjl jcl^SJI <5l1^Jj (^JJI J^ <All jj-o 6jj^-o 

K' * * 

£j£ju=J 4 M i^j^La.qj ^J-jJj fpLJj i^2l 6 j\ m^ «LiJbjpaJ ^., 1 'N " s J)LS 4_j| a_» t Lt J ^ .<a j 
J<m"i ml JJj .j U i r> II ajL**^ UL^f U' Lf"" 1 ' *^J^ LT^^ ^ *5yi-Jj-flJI <-J-AIj-o 
<<-oljJI <JfljJI ^1 ^>SlftJ a (j-N -v ^ Cul^ lj| tJjial^AJI 4-tlij ua1 ^j-d ^^aLklH <GjJfc^o 
^jJa-l^JI pl i ml ioV <Lc^_jlo J *> r «„ i "\ lio II I (J » ^ o ^—S 4_1jl!I 6J-A < t^aj d **^ I 
^jLaj <L5jj JjfcJ fdlliljl ^j-i-uJI jj* ir> ^IS (_^jJI «J-ujIj JLjI^>jjj <j^> *t_r J- ^^>" 
Ijj LoJ-Lc <U ^>jLj Jl5j «1900 aLc ^L*Uj LaJjX. l^-a J La ^LS ^^Lll ^^^ a 6jij 

.CjUuloLjjJI gii miV «Lb^likJI *Gcl * ua-> 

:<JLlJI ^^ujVI ^ ujLu^JI (Jc ^ 
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,JJ£. ^A O .1 
.JJC £V ^LuJI lt 11 ^ 1 L^O .3 

principle of ^ .^LjjJI g-1 j ** " m»VI U j o ^^ 5j j l¥l <T n I „■ n II 
ITi^ajj fS lJ^zJL «j-iUJI ^tlJI» ^l Lij-«j UU .mathematical induction 
JLliJ ^.UJI JUJI) ssO <GL 2 j ,(0 J ^iUJI ^LUI) 10 <iL 1 ui^* 
L^juL*! ^pJI < K, t. o II ^U rdJj ^j .lj^ jJjij <sss0 <uL 3 j f (0 J j-iLJI 

t Jj <((j ml i n II .—ILiJI» J-J-A /d*U Iu^a jAl i ttl^^iJ ^"-^J (j' L*~* «LLi^JaJI 6JlA 

F. L. G. Frege g-jj-a ^jj-Ls^ dL ijj I dLjjjJ *jJa ,<_LJLiJI 61a j-Lc 

^i ja^lc j-^j^ J\ cJLuZLJL ^HJ <G? Ijj cL>aj^ Ll^l (1925-1848) 

J) 1-m n II (JauIuj^o KL>^ ^^ ■ I (j J 9 ^J^- CU-aJ **-jl Ci ; J J>^-! t^jL-Lu-JV! j^ 4 II 

cj! t loLtjJI ~ * ■■■j" «ULiii ^o (J-ol^ A i l-> ** * U U -s o f-Llj ^-i p j-d< «Qa t^^-i-oLijJI 

^J| <L=k.L^J <jK fdJj ^i ~ -^ 't j ^j .^L^Vl ^-flU <J-ualLo «UoiLk L^i-t-a^J 

I*» 

Grundlagen der a m,j'^ II U n ,,■! «LiJj-o ^ cdJj J»^j ^j tj^*JI a^ a n f^^ 
<<1J loaj ^ icj^^-JI .set <£j^ oli ^j^a ^1 „rn.J <Arithmetik (1884) 

CjJLLj) J i l r-jj^-a. r J a ^> n r^j "■ a J-i-o 1— A j \\ n*\ ^\ n » frl j ml ^j- 4 «LcLo^. 
6U-A uj~*J mm (SJ3J "^ " (J -0 (J^^ < jj|** *» S J-^ O -0 CjI i <ALjjJ1 ^-JJ **'' r j <L^oJI 

<E. Zermelo (1953-1871) ^^3 onnjl Jli ^ -UtUI j^JI J^LL ij^tiJI 
JLO^ iiiij c^jl^J I>?^1 (S^jIII cA. Frankel (1965-1891) JiiljJ ^iJjij 
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443, ^^^^v- 



I a_iJ oij£- <J > \ ^ II CjLc j n -s n II <Lj.tVil <LoL& 4 11 j ua 4-aij J^M J-dL*jJI 4 i fl i*S j 

.Zermelo-Fraenkel theory J£l> _ j^jij ^J^ *±*i 

.<j-*-alA extension j-jjlhj A^i-* ^*i5 ^LLJj eiuj*jJI IIa Ja-^Jj .olcjn-v a II 
dr j A ^ A ^ ii^-aLaJI jj^aj (jU III .extended collection «Sjj-o-o i*, j n ^ *» 

<Lfcj) n 'N f\ II j i ,^1*1 C A rA>j ^jS a t\ II (j_A ^jl „ jij <Ul :QLCj n-% n II <j^iaj ^S LaLeu 
<(j tu'sj ^j *-^ aJJ c (JULoJI J \\ ui /«-Lc-J .(il^Jj ^-Jl JL^.Ij) <jjLa.1 <LLLLo ,_ fl 
^jS-a-» ^j nt-N ^j2 *|<5jtj <6j^> i^t <(j<-^fl ^J <LC j| rt ^ ft II a ^ *s (j^flJ '[r'j^^. <„\ ^fl 
«USj^jJI A_a r-j^j^j <6j-s i^>1l £-* ^ ^^ ^J <(jr>ttnll A_a <jjLaJI 4JaLLo j-fl a tr\jj ^1 
l(p^l <l j"la*j«" ^ JjuuaLfljJL ^"n"» Cile j) ^ n II 4^i»J jJjJ j5 . (7"1 J^ m Ih 

i-i-uaLi. fjj£ ^| .Cilj iALjJI (j^Luu! L$_j1 ^j-c^aj cajLS IjJ <t\ VK oj^ <$ y > j 

4x.j)ft^. n II ^jj[ jJb «\^"JsJ^ <dA^ ft <^j ttt-\ j <LC j) a ^ a 11 a 'S "^ (J^ 5 -* «*'l o"» JLiJj&jul 




^^^^ 



dllaJI ^jrt-^ £-^J u^^ 'Jj C?>^^ icj-oa-o a-^^ (j^AJ ^LjS«VI (j- <^j*>a1 ^jj^J .7-10 J^uJI 

klj a^i -h tj^*^ J> ^ a n\\ ^jaJU^J .^wLa.Ij jJJ wL^.Ij\ <jjL*.l <JjLJL* ^-5 LJ^^J "T' " ^ (_r* 



LljlII 1j[ UI <bish.lj j* -> ■% ufi^-j 
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:4jJIiJI oljuj-ftlll I^jL <jjlajJJI jIjlcVI «-^jaj WJ^ fr^ ^J 

.«Lfljlj *-o <l a il U" ^ 

.((0 *lCj) e\ -y n \) *-% ^ <_>*iiu L^J)) :<XjuaLkJI JuJ n\ ^juu\ jj& 1 
^j-o <-fiJj-eJI j-Cj a sn n .'l * a a ^jii 9 't L$J» :4j <nl ^ 11 A y\ a-J a ml j_A 2 

<Jjk*i n II ^0 i2j1 ^ Ihtrifl J n t" mi «Lj1 ,— fi ,, 1 ^ " J >' 4 J* a jJt i*-il CjLc j a -%, <•> 4J*2 J-J 
Jl ft"if I /J-C- p->J-fl J k n II 1J_A (J-o-a. jJ5j . «,—Aj» ^ «Sl^jl mi n» j «4j i^l ^» ,<-Aj 

.jiSt V ijkuJI ^ cjL-=>LjJI fj Z^i 

jJ S^iLll 6J-A <j£J iLa^a— uo (Jj^f ^ *,jLj-aJI ^-A CjIj iALj^JI oJ^ <jl 

J^J^ <$ (J^- £^ fO^ o* Jf- 4-0 * ^J J^ ^Jj <1902 j*L. ^i «u-»>* <j^> 
^ UI <1^jLluVI <jj^I>L!I ^-J^aJI <LLof ^j-^-f (S^ lt^' j> U a II >^iJI ^l 

.-.k .^ijjW ^j-ua J^ <ui ^ ^ill <Grund-gesetze der Arithmetik v l <..^ II 

*> * * 

Lr l[ L^ai jj hij J-^lj jjI^j^ (3-a Sjjo <ti <JLluj /> I ml <*u*l! i_flj > >*lJI Ij_a LS i£. 

ia.joJI 4k^ III gjj-a * & i^j ^5j Jnconsistecy ^U m'J ^jjlj ^ mn «lLlc ^1 

:<J^ij J^ulj «ULujj l$_ii rtli ^^lll 

JjI^Ji^>j J j 111 II ^j-a <JLujj CjIj-5 I rt J "t f <l^-a.lj (_^JJI ^^ i-_fl_flj-&jl li-Aj ,jL^_jl 
.«UuIsaJI (-JI (J-c^ JLujjLj Ajfcl Caj^ Loiilt ^j^U. liAj <J_i*ilj 

V» <j^>UJI ju±£ <JLu^ J ^^i ^1 (1970-1872) J^ulj ju\J1^ ^ 

.iilJj£ «LuiAJ ^>jitl ^dJl ^A g-tji jlaiaJlj |JUJI (jl ^Jl j±^ (10) 
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ujJ fjJbLius jj-a jf-aJjh 6 ^ J)*? a ^ >I^ LlJ^ (j-a^ii) .«tfjlj ^1 ^ 



Cul^ Ijl La£. J-^'j Jt-"*J -^-^L* Cuntl <C J ft ^ ft H <j}f LfjlJ t>° ^J "*» * tf> < "■' "'j! 

■__»"< ti ^j-o jat ^i J-ujIj <paradox Sj^-o jl «contradiction j «ASI v» n ^t 3^ 

■f 

«S 4 uaAIj «GJbj J^-^ 6' 3^^ (J^? J^ .p^uiijlj A^jjij jjj'SKj 

(c-iia.) ^-aJflUj ^1 CjI n I m o II <j-o 4 „I ml m Oj! Ij| «UI J-A 6jJ^ n I Jj U aJI ^^' 

^LUoJI ^ ^jLcjJI ^jo^ <jj<i ^e°^ Jk'mll (j-* iiA^e- ^l-* contradiction 

«Gj&jj-g £| ^jLfl <4 i^<5lVia j^J^ cAjjLlj CulS lj| IjJ . a! h \ II diljJ Qu Js j-j-a 
.cJljjIaSJI 6JJt t j-a I jalVn ml (j's rt j fw^jii^fl Jdc 71» ^j\j «1=2» (jl I (j j& J^>j 
^r\X. L^_jjfl ^a Ij-«-<j1 di » S <wji '«^ II aUI 1 liiI ml LAjljuLC-U <<jl ft 1 Min (J*^ ''^ 



<4-a.j (^-A 6J-Aj .Jjln\ nll a-Lc ^^ ^^ C^J^" '— 1 "'J' Lfjl oLi-il, <J jl ^ f\ \ i^.jjJI 

J « g> i ,11 Sa^lU» Llij ?-sj-h ( ^> p cajI^ LJ .pl aJ m oli ^a Lojblli^ jl ^..i\i ..." p j p ^^^^cjJI 
<4^j-fc <n p .c*jI£ LJ <jSjut .pq (jl <iJb^j-ftJI ^ja ^"iTuiit (jlj Lajajj hi\ (jl I*i\<ftt4 «detachment 

.^jjiljJI CulS LjI 4^j-% > n q J ^1 .Q r^^**" uilj fLftjU/*t ml l"<^»i <<jil!i J_wail1 6J£-UJ tlij 
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••^::*r^ 



<1903 fi*. ^j .cAj j^LjJI <j uji ^ logicist school S^lklJI LuijoJI jki 

iThe Principles of Mathematics cL ^L>JI p^jLa-o <iJj-o j-i: J^ulj ^ 

«« ■" _p j 

i iij o *Wl j ij^ Jj-^fi <<JlJJl ?r^j * fl j^ (j-fi *^- 6 J r*} ir> ' c£^-" <i3^-"aJ' 6jLj_luI £)ISj 

r UJI ^=JI ^i iJLu.j ^L£J Lili L^L i*i A. N. Whitehead (1947-1861) 
^>i£l £jt>^ ^i ^IaIJI u^>1I j>^ ^j -A treatise on universal algebra 

•l3 U -0 ^"A-H?" ^ ^ sj A t" A (SsS- LU '-' '" fl CjLlu^Lj^jI <j! <j>L*ju ^*&^j fl^j) ftli 

1910 flj-cVI (^-i Principia mathematica o .^LjJI ^j-LaJI *^jLa-o J j 1 «-j 

aJ eilj (^J << , uol^ H ^ j-_»lj jl^o jlj-«-a[ <1aJI c*jL£ jij .1913 j 1912 j 

* t m + ' / * ^ - 

rJiJjuJl IjJb ^ SjSi 8-10 J£-£JI (jJJJJ *W>* J^ ^^ U \t\*~\ tti ^^lll dJj <j-o 

.1+1 = 2 ^jt ^^k. ■■ ijfl'j ljj J-^'j tl)^-* J^J 

**HN& h(.a,£«1.3t«A0-A.B.«u0«2 

[«01-281] s.i'<Ai'y-A. 

[«1313] s.««£-A (1) 

K<1).*11"11'85.3 

l-:.(H«.y).«wi'*.0-i'jf.3i«u£«2.s»*n0-A (8) 
K (2) . «ll-M . *62'1 . 3 h . Prop 



2 = 1+1 J 



; «LjLtiLaJI *_iAaJI ■ t^j*" Jaj <<_£j£,jJI 6JJ& ,,-lc. ^JJJ 



•110*44. F.1+, 


^J (A? 

1*9 












6 U^JI 




h. «110-689. «101 -21*28. 3 

Kl+.l-ft(gy).y<f.f- 
[«64«] -8.Dh.Prop 


■i<y«ll 












iJW» „ 


^ ci> 


• i^ 


«i 


n» "t nift 



* 120.123.472 ^j *133.66 ^i 
»117.3 ^i <UxLu^ 110.72,* j 110.72,* J\ oL£V <bjlka 110.7.71* 
JSVIj j^VI <J^i (ji <*^LJ <5jcJI AdAj 



principia mathematica ^ jjj U£ 2 = 1+1 <jt ^^ u^->^ *jj^* .8-10 JlAJI 
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j\..iu d>j-s <theory of types -LLuVI ^ <%>1^ J-^b f±* <*^l^ -g^j^ J-*x? 

i* 

Jjjo j_^=>Li£. ^^IL^j ^jl <£, j) a *% a ^2 (jS-a-i £jljl^j <«Ja-ttJ» QLc.j)a^ n 11 j irtMT ,—M 
^jLtjJlj <0 U n *t 1) <j-a ^^.A 6 Jj 4 't a II oLjpj<MI ^Li li£-Aj .-kJLfi <Jj| L_a_j 

LU j .lj-2fc. f-L^j <1 t*> a *i II ( j-o ,~_a 5jj &j n II oLjj'mSII dUt oLcjA^ ai <lJJa!LqJI 

(jl j^fl t jli < toiLi /c^wil Ja-cu J^o CjLfcj) a^ n ^^aJi (j' <£, j) nyll J)S o n 'l <jjo <j" 
cJIjLo JaLaJ^fl <jjJaj ^SJ .J-tulj 5jj^ n Jj m m t Ij-Aj <L^-!llj <j-« lj-ualt (jj^"* 
«^jja 6 j i -^ ,a» Ji-a <CjIjJ% a H (jo* t *L*-W Sj^JI £j-a ^ flSj Loj <Ju1aj_o ,>J-C 

:<-JLsJl j .f. »11 <jjjK'*yi ol a K II t> ii^-JI ^jx.lll ^j <Berry's paradox 
<jt j j ; .«the least integer not definable in fewer than eleven words» 
^o iiJjji <sj£-±> iiiLaJI ^ cijjo (L^JI lojb Jft^j <£^ «integer» Jl dJj 

* ** 1~ . >^ 4 ^jl J^ujIj /c-*^ (J^MJ •** tAJLjj-fl ^j)f J II Aj-A ^jLfl aj <j-°^ *'■?" n '^ J '"f 
4 i a mi a 11 <Lj h 'i II LaIa ujI JsLoj'VI <jjJ&jJ <L*J i^t <13LLa J^J <X.j nn a «LfijjiaJ 

Ijjfc ^ ^-ajJUI J U -U L^i t5 - J iLaJLJ «ramified theory of types .LL^'bLI 

JLjjm^II -Laj Lf l£. V oLka-iLo CjJoJlS <<jl» mm a II «L^kill ^j -LuLjI ^Vh m a II 

..LU&ll <x> mm a II ijjkill ijk. Jiia £a-^LjJI a>L*-II 

^i Jal-AJ?iU <jl» .V» a 11 ^jjh'tll (j! j_A lljjJ jJ^ ^jJI f LLjVI OJ^J ^5 

i 2>-° (j' o^^* **-^^ (cdJj (j-* lj-t"i Lf-jl /^ 4-SjJLaJI «L-j-^L^JI ^- -v ^ II 3- * ^ 

^a! <6J_a ^Ls-usJI LLiJi C5 Jx. i ? i I A j I \j .<ji \iU II jljx.VI (j- j * * rt ^>^ ^^ £ - 
axiom of <jL^XII ?J m, a ^^ ^ II ^ ki 1 ^ » I1a ^1 . ju ^'* ^ ^jjj <All 
cjUUoVI 60-a jLf-^ ^ «Ij^ujVIj .<jL^MJI j^=^j (iLUioj *j^J3 ^^lll «infinity 
^1 LAil ^-*'- l ^ 6^ 6-° ^^ <jjaI r n <jjjiaj jIjlcVI ^jii ^ <jl j-a <<^c.j>aJI 
JjImm <1LlUII <axiom of reducibility Jl^lkVI i^LU lLu> J=uLLll IIa <JlL 
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jgjjj^* . . - ; ypn^.-fe!fffe« 5| 



^jl «.^AJLj ]j_j jl <J_aJI ^^1 SJ^Ll Jj U t a H J-a f-^-5 Cj\ \ i^LijJl {j[ «LLjGLII 

« J' ** ^ 

1 4-*jJsu j nij CjJJN i?i n J^a*j j_A I <Aji 1 ■% f Al J p * "^1 La 



<§ I lll l— )LC ft-ftTV i 

La j} {j 3 a *LC j) a -^ n 11 J^J-fl .6ii l*a^j *> ]n\ mi jJ-U CjLcj) a^ aIL J)l*Tt 4_»j-Aj^2k. j K m a 
j^l^aj ^i 6^LaJI AJ-fJ aX.Jj1 <js>* } JJJ ^-Sj Sujlj iAiLj^JI < 1 a 'i ^fc 1 ^jl £y* f-^j' 
^jLcjLuajj «jjj^o (J-luIj ^jlf£ (^JJI Lj^JSu CjuA^JI (_ > yu-4j ,— fl CJJ-lj '(j^J miiu l (j^fiJl 

aj-a .axiom of choice jIj'aVI < a.I ,,. a co-$-t dlJ Jlj <l n o IM m n ^ <jJ 
iaj U A 1L ilUJLJI) < niftU 11 (ju.ijUt < aI >nnl ^JLkLaJI jjk't II jjjh <-J ..i a H 

luluri La " i * I jj-fl.J .a! a" A VI <j-a IjLa» 'j^^ 'J^ O v \ y dij U 9 J j n o, 11 c<jjl^ILJl 

^jjj^Ii i*\\K * t y^'tr / ,*.l r j a^aII £jji A\ mi 1 ni cLtJJ ^jlS IjLi lUtjJj jLa-a. jJl_lj 

1,1 «, * (t 

^-iJI di" I i.n ,-J| «GJLu^a <LCj a ^ a ,JS £j-a Ij in\f dljl J 'l ^ Lj ^^a.1 «Lfc J a -\ a 

J^Sj-a ^-i <jJ^J LokliC <JL»j-LJI &il^-» dlJ J* i\ (J^^ .^lSj m*A J)S^>-o <_$-£ 1 (j I a ^ J 

^jl ^^-fl ?!^^ U' ^ ^ Q J U^ C5^>* *«L5 j) ' "" » ALj^Iijkl Lo <X. j a*^ n j f . J 't j f 3 i> '""l' 

ScjLcja-^ oli {j±£& <j£- *,4h^j pl^2h.Vl IjtA 

ff * 

ujjj *Lj1 q \ f^J f6j "'y (^jJI »— flj-*-aJl L*^^ jLaa. <Qiaj Q£ Lo g^ Lk-A m 

i> iblaJlJ 4jjjJa J^.JJ V Lo_tj <j| ^t t mi f jj^lW j-*jC oLfc j a -% a ^-fl j£-fi_i I a H ^ 

A—i-OJ Jj-N A t r^J-^ O' I 1 ^ ^ J < oLfc J) A ^fc A II ^Q 4 **t J A JJX. JL^. (^-^-3 «j l J*l "^ Vl 

^-i LlLo j h A J l j^)^ . Jj_luj «LajLi A-a-^J t>^ - L^ J' ** ^ J ^j-lll J i^ l *^ I J Jj^- 
jlj-cVI (5jj*-J LaIj.^1 tCjl r J a a aJI £ya <11a j^lL Jj£ ^Li^J :4_jJLjJI <Ut m aJI 
.1^^. j»J-Aj <2 J 1 JjJJ jldcVI < llljJI (^JAJJ (1 J ^J-AJ SjJ l^i ^h A II «l^aIa II 

dLLj ^j-^ J-^ lH* A ^j*s JJ-c jLi-!LkLj 6 J j J ^ <-cj a ^ a ^-jjij ^jVI jj 4 "t n» 

<La^Li ^— fl j u-M \l 11 £ya aLjjJL^I La f iAj I \ \S a j *2 < Iri ^ 11 frj) ml * CjLc j) a ^ a H 
<6jclLi j i^Uill „\v\^."i IVi^a i V 4Ji| ^j .&UjILkl La^a <Ila j^ JJC ^J^J ^' * "« ^ 
A5j .1 A,\j.\^" I \ l£ a j V icj-a^-o 1 'i K iti ji OJ^ l«jJ .L1jIj_A£. LaLi^jjLI LIjV 
r^^Jj La$ jLl^Vl < a I >,u a > aTi^" ^^lll <bjn i^ll U j inrJ U^aJLo VLlo J-lJj Jjijl 
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t_jj^^. jU3 ^ L <JojLi. ^ol j5j <<_jjIjaJI jrlj^)l £y> 5^* j^ ^^ <S^ t-^^o t£^ 

j^Sj <J9j^to J_^a*j jkJJU f-a-i^^JI 4ju)LLo AjLaJl * \W\ mm 2 J | > f> 7TJLJ (J^ O^ 

- '" ■* *' * -* «. «, 

( jj,A.<,Ai-ijJl jUa * La SjLfcj <jl ilaJal A n\ Min £>L=k_I J ^ *t*t *»JiLfllj-o «GjLi «La-» 

V L>^j-ll <pLij-LiJI pl o.l C * j n-N <_£Jj j_A lj_Aj .L-A^ jl LcjJo a I a f (jJJLjLILaj 
Lo^i£, <SVL-oV jl <LjI-N (p mi! A-fliLi^f (jj34f f^J f<< ^ ""» *LaJ <jt A^ nU» n e_fl^ 
^jjijJLi ^j-idJI (jj t fALjJI dlLlA aj .a-$J r*^-** 4 -* f-* ^ " mnll ^JJ a ^ aLlJjI 
A_$-j| .L-Lfl j-*At J^Li^ * Q U 'i n (jLa^>J («-i jLlLkVI 4 n\ m n ^jjln»"! injj 4 K mi o II 

iiU3 ^ (j jU^l mn ^>()^M"'t j f (|" J Min c Jjj <Jj^j 3>Io (ji^- j>^*-ll u* 6> ^(j >J 



j-A Lai ij^j^A-Lsul jA<i ^ f, J j La£ f^U't n II (j-a Lflj-ua LcjJ CjI a iALjjJI ^>ij aJ IjJ 

^jI j^JI Sj^aJI Lik. t^A* ^L-iJ uj^-a rlj^" niVj S<ua5j ^Ul ^iL^VI aj^-aJI 

(jj$^ Ji ^jJI <j-iin ^Ll.11 <j>S-N ^ IjjjLjj Li-a£. ii-Lu^UJI ^>j£!j ^r-JJ-^l A-jI <^ 

<a^iLu ^jj . (12) l. Kant (1804-1724) lolS Je^LoJ >a ^ *->i-< ...i , j . o;* 

aJlS <<U^aJlll JjJlS* (J^i j n mi j-jJI <1jiQ m U II <i^a-<JI («-Aj t «U^Ji jj fll "j n II <Lfl j.1 nU 

j^ill A 781 jkLc kritik der reinen vernunft a A^nll ^li\ ±& <p& ^i Jail^ 
«L-ukiJI .analytic «4jUUill» LL-kUlj synthetic ««u^^pJI» LLaUI (^ 

j^^'tll <LLxul^j f-^-uaj-oJI ^ ^^Jl r-IjTul ini l^ji (j^«J (^fjJI <iit (^A iiliLaJiJI 
<(jlji Vijli^) Li-jjjj^j Jj^i» (jj ^j t i'i'ijj^ lf^'j- 1 -^ c?- 1 ^! tr*j <Scotya U3j*s ... ^ lajli jjj (12) 
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^yla-o ^^Lt Jali t ii>£ jjUKlll ? j iAi.ll 4 iji^ ^Li f&j^ >Aj1j ^1U ^ aII Ij_a 

.LgJ * iA-^" c JlJI «LjaJJI JlcJjjLII ^^itj <«L_iAJLll AJJb Lg-la UJ^~^ C^~" CjI n K II 
c9 j-uoj-oJI ^i Igj"^ o ^-^-" U- 4 -® OL^- 1 *^ L*"*"" *"^* LT* d -VJ^J*^ «Laj-oJ&JI £>£] 

•lx>^I ^L)- 6 -^ ^jjl^' g* ft "? c^H o' *-^ («^j^JJ' J- 6 -^' Jjt^jJI» ^j 'Asli (J LaS 

l| I J .X & 11 r^o ^jLcjjJI ^jIjL* a-l*JL»j .6JuJ^ «LfljJua J i Tt LLtASJI aJJb JS-oj 
<<L*ja" 11 ^j-o y a" ■' a «JLJLaJI * >ja"> (jj< * LaJuuC 3 pNOR <-a^.LII2a rnl LLtoJS 

djj^'ll ^ic ^jc^JI ^ ua (.-ftjsjjj U^it t a posteriori <LJVj"ml LL-iij 

ifljJL-o ^j-C jil" t*-*-" <4.j.t.tf^Lll 4 i-a 1 "»*»" ujVI LjI trii II £)! In, » S <j^^Iil 
^jQ lJUI C*Vjl inlll 4^.j^ i^ll ciljJbVI fjJh <<u^i}\ <>C 4 U" Min (jiJ «AJjJLa. 

4q yj) £jj& tLoji) ^_*juJl tf^LoJjJI^ ^jlS a ILi ^j j i, ""t oL^oljjLfii L->1 <Asll ajj& ^j a *ATaj 

.LHJLajt ^ La iLijJa-» I ft (| *sl j j| (3^»-^ (J^-U'j ^<Jg-l m n H jl * 'A^j V <AjJaJ 

?j^jjU1I jlacVI olj >^U>j ijjjuliyi ?ii«,\*i(| II ol^ila-a <j[* tL±\£ ^1 4\ mi'iILj 

t-j^-jai ,_J& O I *■ ual t j H CjLa-Aj_l^ ^jl C£^>-* ^?-*s5 •*'~^n> j0 ^ J *>'" **" "" ~' "^ fl (jr^ 
jJ *'U'^* l^-A^) *U-ij-*£jAJl LijlS ^ iti La «Li^jJa^ p-i-ajJ ^O^Jh^ (jl^o» olj j<~» ^ ' 

.Jljjyi ^i LuJLulj (^iUIL ^<iaju ...j 

C^l^ ^1 ^j*j;L>H jl^C^I ^i ^ uaLLa I"ij ,t, 5-aJl ^Lj JijI mi-iVI ^1 

^*l 4 ,JJ >jU 4.4 mi U L _fl JA.J iAjLauJ 4 "fc i Al j^j 6j-u<Ll« «LiSj-A 4 j ^ nyi ti*l Cj>> j «V^l Th 

jj^^l c^^j4-" L5-*^^>^' ^^ M, l>e intuitionism ?j no^ II j»-^Lj ^-i>*^ cr^' 
^ jjb ^^aL^II IIaj .L.E. Jan Brouwer (1966-1881) jjl^ ^U. a ii J ^ >>:? i.l 
1907 ^U L^ji ^iJI aIjjj^JI SJLujj ^ dJjj .topology L^^^jJJI ^ „imiJa 

4 m.rifl II Jjl ^Jl l.i Jt!\" ^^iJI (lajl^ S^>ii JjIjJ tAJ-J Ju5j .aIJj" rn A < t ol -^ ^^ 
t4 mnl ^ II ^jijJ_uJj 4 a I i «i a ^jLj dll^jVI g-a Ci 1 1" 4 ^ iQ*\ 6JJb^j ^4 1 1 tSjji 4 l^LHj '"' 

\ \f ■ 4 i Al XJ niVI ^jN A 11 4j-a-£ f (5J^»^l g-^J^I C)l ftl rnftll «--O 4 fl-% ill^ft ^-*J^ f^J -1 

^'mj IjjAj .(9 J-uaiJI ^^i Ijflj LaS) ^j A il 'm ^^-fl f^5jJI JjjJ ^j-a^I oLaLui-gj 
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4^j^ i^t <-jjuUyi < mi. r* p II <j! 4_uil^lil ^i I j U ^ ^ <jl£ i^l^ <j1 Ja5 jjI^>j <j? 

(jl^-cJI «LujIjJ ^^Jfc CjL-1-oLjjJI <jl ^ Jajl^ jJij ^4^J lM^ O^^ f-' ^ ^ 
{jL. J-ij^ pl * '^ >jil (j' Jj'j"' J"*^"' -kdLfl «LajISajI <j£j-all JN h u I (j jS I *(j"^H'J 
dr j A ^ A l 1\^ ,,. A ^a l5^^ «LiJLiiLJI jljx:VI <j! ifcLSJI Sjiill ^-^J <o-°.>^ ^^J 
J^JI ^LlLo jJb Ifl-Lo J£J lla^U CaSj-JI J-ilaUI <jlj ^IjjJI t^ cAjjIjSJI <>* 

J^Jblj (^jJI ij^kUL j^jj (jt^ .vi! :idii <j-° 'W lt'I V^ JjL^ cjI <-^ -Uj jjo'J 

^-i£. diAJLJ ( _A &J.A ^>lalll <^.j <j| Jlij .^^cljJI \\\1c jJb l^a-lj ljXua-o <^£^kVI 
<* jl^ftJ a-JijJ V <jl 'ls^J^ SjJajJI £h* 'J^^J <4j n«i^ II jLuaJl Sdl^.^f ^j^jjj-o 

.(^^V c»3j (e-^ <^Aj fbhj^t m I4J ^b 1^1 ^1 (JjWtf m ^V^l) j n m H 6*1a 

LsL-uaj <LjuuJ»JI jl^SU (j| ibUJI >LajJI <4-=^J 4 J 'ii^ ILj ^J-^l Ja Tu jj 

<j_o J a % * j I a \l a "I j\a * CjLj &^-k5k Cj u i * 1 j Q *l-^— » lj-*IiLi-o Lj.uJ-'^ LU (ji-J^j /1 *s*\ ^. 

lnl*j" ml <la^.iLo Ujlr. i^JtAiL JJ£, aj)0 flo ^l J-t-aJ (^ O Jj'>^ (SJiJ .<LjJjJ-II 

JS ^-i La5j jl"^** (jlj il^J l\^ Mini ^^IajJI L-jLpjjJI £;£. 4*\ ut\\\\ cjUjuSII (J4J jjiil 

j^ ijJLAjiaJI jljX.VI <j! 6J-A >bjJI <4^j ^ iA"t5"j .L-Ad^l U^Ij4 <j J-Hf §J-° 

LajLIcI '-'7- j <A-ft^JI JiLo tAjA mi^ II oljUt II ^Li < JIaJLj .^Unll I'iUI mi 't I jL^J»[ 
,2+3 = 1+4 D oLS^LI IjIaj .Li^ujjj J^Ij (5>=^l ^l ?jU»ll oLLuJJ LiLu=»jl 

*3 < _J[ 2 iiLuil ^^ lLj /«-I-C. A^^k II I"m I H h :oLa-^aJI ^ya <£,j o 71 n ,*\ iQ*i*i LLlLc 
.(jLi-tjl m"ft jTt^ lIIjI ^j| ^a ^LsJlW a-i «4 ^Jl 1 «LiLuap. LtAjlj 

.^-ujMSJI (jLlJI >a^^- pjn 1^ ^ jjjj I^-jV L^-iJi SjLiVI i ? i^j ^j^ <j-^LLaJI 

iLLsLLoJI LLiAlJI A_a I j j j J-oLaJLJ ^^-iJI <JL^ IL (j-aLk <^J-J ^3 ^ 1 " I J 'j-*j 
^j N " J ^ Uf ial mm L^-i -U. ilij-» 2 /jyJul <CjLjJ)*< *S" ^]j-a 4, ifl" ia II J^^ - r J * 7 * 

<JL!LoJI J j t m (^j-Lc-J .<jL^J^UI A--a S j -miI t n ijjjaJLl Jj-^J V <j! ClJj <l$-£ljjLi 
ir\ <*tjj\ (jJ-jLi (jlj? i * J OJLJLa ^_fl < Jj U J n II S J a r 1 J.^,1 <jn t lliaj) U imjI cJij-C 
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oj^ <J L^l «u iA i H ^1 <Jj-i-> Jaw of the excluded middle il2 m n II 

* ** s z, p. i. 

jl 4^j^ u*i L^-jjS jjj^j u^ ^ * *^' J' U"** *^ «r* u^jh r^ ^j '^ •■^•j^ ^ 
<5j^ lil VI &LU* J\ 1^^ t ^ L$jI J^SJI ^jU"..m V <<jjiJLJ U£ ^j .&LU* 

^ojj <G| J>SJI (jl ij-A J-^a>ll ll-A g-jLU (.5^^! (jl . 1 (p^ ua t ^lc ^La^-JI 

^i £j>UI p Ij ft "fc o <"j ' Sj-5* Jj^j 4 ^ ts> >j.i»j >-iJj-5 (jl ^j-j <^-3 L±jI (jj-a* 

if-& £j^ J-^ (jj '-MJ- fl p i± fl ^ » «CiljSJI (j-6 j 'i 't a j-i-C IJJ-C ^jp..^ 1 j^,.\ 'i i<-> 
^Jjj^o (£jij » 4 "va" i II 6J-A (^>Afljj ^jAjJjaJlj ^j^oj^oJI <j^J «<j^-UI filj-ft^ ^jjj'i /^iJI 

(jS O J V j^ \ < ^ II ^-fl plj A^h O HIJ I 6jS Jj^J-4 (^J-Cjjl <Lfl-ljL^. <j| 4 J m,!"* II 

1» 
( _fl aJ-aJ-jlS J j -\"» i>m J-a£. \±Jbj t^j^\ faoJI ^^i oljiJI * j a-^ jj-fi-J V[ I (j *»1 1 tl 

J t,a" «n .A II (j-** <G| ,— A *— ua^JI IjugJ 4^j-2fc-i <^aja UjIj-Aj » jj<j*t a a jj-C 4x. j a ^ a 

reductio and (j^jJJI Aa\ M^j-^ djl m > ilLLk 4 **j* a ?j ^5 <jl oL^il 
1 a j gj >L> iaiUa ^1 c^jJ^j <-il jl «p^JaLi. (j^si\ ^^ij <j1 d)L^J absurdumm 



(^ai^JI ^ <cijL^ <lc ^i^ ^ill ^D. Hilbert (1943-1862) ojAa jjijj ol^ 

^^-fl <JsljL$ JiLa <jJj .I^-ijLj ^j-jj i.atJI (jj-SJI ^\ <^*Laj jiS fpLuj-lJI <J3^-*-°J 
.fr-Lj^llji I 1 Ajj <JIjJ& JJj t<ijl i*n f> II J-xj-fl (j-«j) I J " "JJJ jj^ C*^ f^j^ muj^ 

_a 1 @ j <a oj*\ j n j-u& gpl m a La j \\ r I Lo ^j^^c >_ a (j^l -% <^j-j j ^ j <t »1 J-ij 

Ijj CiijJI dJj J-l-aj -U^J '"» II UJ^JI S?' 1 ^ L^J 'UJ- 4 ^ V ^ ** Q CT* ^J iALijJI 

J o ^ # ■* ** «. 

^ JjLujlaJI di I" c* a j i jJbj .L^-LaJ 4-La^JI a (j"l ^1 a'sj ^JLlIj-i-o Jjjj iALj^JI 
(j-fij -1900 aLx. (j^jjLj ^ jic 45JJI ol j f A>Ljj-LI ^LUl ^jjJI j-o-jj-^JI 

.p^V-Mo^l (13) 
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ijjjA .mi a II 6JJb j mi \ I Cj j .i J A J-^t JjLLj f JjLcu-o j m r (jfjsjjz. CJLJ-A <3j iAl -> a 
C*Lc j) A ^ ft Jal m n II AJJb jl »* C I J (Afl n II (j"*sJ f tl>JJ '"f -J ijL» j— II l_AJj£. A-fijjl 

JjLuj-JI tj^il ^ ^j^J-* yl^"j o^ ^J (CjIjLsJLoVI ^ laj-> J^L^ CJ lJI dlj£ 

<ji £ J-aJ* La^Ur. 1 1 (j j I r, i,i^j <jl aj .1 o 1^ j J * 3 j ^aJI p^-jJI <j-« u>^-* *^' tl>^ 
,<ji <Ji Min.ll cJ^. ^jgr jlII dLlj <j-° t 4- j' J^-^ lt^ p j < A II UI m" 

JjLS j_l£ j-2h.VI I (j iAit ^jl /<-Lc (JAjjj f JjLuj_aJI 6J-A ja4j oJ-^ J-Ll 

_JI Jj-i-o Jl (j-Loj IjJ Lo /JLc *^^ II '_** '"wj 't™ JJ^*\' {* '""" lP' i m n" jAi^ 

4fljh»11 J^l ,u-nJI ai^ tfA^I COZ c^Uuti -C5>^VI J^l m, n II J^L. JI* I4J J^ 
j t**t .,.^1 ^H <jLluj Lg ^ * h*.\\q II £j£^aj Lm-Lu| cCjj-U-A t^Jfc p Lusa <-A^J <4" nij't A ^j-fl 

Ijjb .Grundlagen der Geometrie 3-ujj^JI ^u^t J^i*j 1899 ^Ir. l^jl jii\ 
^±c Lbjj m. $1 ^< nj theory of everything «p^^i» J-^ ijj-b-^» ^j-^-o ^Ij 

a <At*t ^(Jl irtjl J » i '" I f ^j 1 1 t* (j " ■' * LAjjl-ujlAj JjlC 4-fa^aL^j cLaLoj 6JJ^ O Jjl Ml a H 

V <d <jlp ^1) continuum JL^sVI ^i j^l^ <j-^>» u'-a^ JjL^-JI aIa 
jjJUaIS i'm n function illj ^L iljLSJI ^L^j <j^-ijij <(l(jjlr, o'-a^-" 6^-°^ 
^,ij,i-\,ll a uiflll ^AfiJI (j-o <Jtlo ja£ bdc z j^Ij Lajuc jh ir>ll ^jLujj z ^aLJI 
l^iJ <<1U ^ Sj^VI U „,nll jjjj d5 .(9-10 JlAJI) 1/2 ^jL^j l^ JU 
iLui-JI 6iA cJIjLo .<lijVI jldcVI LluIjJ ^ 5JL1L 4x<uL ^h^" jJSljJI ^ 

^Jj .CjI > iALjjJI ^-i <Jj) I ^ n II j_lC, Jj' j ii n II a_A| ^d^[ JJLJ («-Aj <*Hj> U n j-LC 
O i ii j I i-jI im^ II a-Lc CjI n I ih n ^1 CjLjljI >«-& <l 1 1 m Lg-L^j G6d6l J_ijj^. I <j i 

.Entscheidungsproblem J>LII <J m rt si o >., Jl Sj-^LjJI <gJLlu_*j < ukiLkl^ 
facebook. com/ketabme 



I 



WmamB 






J^ A . ft .Jl 



ibU-JI J^L» ^^ J ^Sj^l^JI j> .9-10 JiwJI 

^E «(Jjic joc x iua. <1+1/2 2 +1/3 2 +1/4 2 +... = 

p <n fl 11 j «(SjJ » <4T* jJjIjAj 1 (j j 11 jl >u_n Jj I "fc II 



.<JU J£ ^i 1/2 ^jL-j z J^JJ u i,i-JI 



! 1 

i 



xhjJj A. Turing j-ij>i ^Vf Jl3 <>• - L^J UL^ cJ^j c^J>t ^^J 

s ? t 

4 jK mil *l_iJ 1 (j j 1 f Jj Hal oL^uaL^JJ <J mi I 4 Oj-J-La LuaJ j<"» 4 

. 4 't j * n d£.ljJ9 J) t *ia3 <^o O^Tt (j-J-» J^*°>^ 4-a^-HaJI CjIjj^aJI <_£j-aJS LoJhl,iaj 
.^^la-oJl <j-o LaLftj <jJLk 1 fl \*\ I <4_aJuuaJI ^^ls. Sj^la-a UaLeul J^J-H 6<1^ J*s hmj 
CjI /J infl ^."^j .CjIj iALjJL LL=k. 4jltJM Lo t ^Jb L^J ^'i* o V ^ylJI JaLaaVI 6.-LA 

-i? ^ 

JlC-IjJ ^jlaLlI 4 U miI^j SlKK JaLoJI Olfc j ftA <JI 6J-A <^o ln \Y\ uUJ <4^jSi 



ffinitistic iiAUid ^ Sju^^II iSjij^JI ^^aaI^JI ^jl o^jIa c5jfj -^j^-" u'j^ 

Sj_u^jJ1 ^b CjLc j Aja> aJI 6*1a (Jj-o ^j2 fj^o^JI ^j-o <tj^"'t rt PLC j a 'a, a L^_j| ^"m n n 

^^JLt oLLJjlIII (j-o t h§~~ jJjJI <olj jALjJI p-Ijj Lo j^jj <jjLU1 Sp^LJI ^^-i^j 

j^&jJl ^j_d d <*^ q a A 11 6J-A» (J-x-a Ql lri.ab jLo (SJ)- 7 * " tc-^J <<l i^ t^ 1) CjLi ^ljjJI 

-i? 
Jjlj t«Lo jUj ■> j N 1 4_t^Lk <-o^Lx. <j| /c-L^ 6j-i-oju_Li (^.i -^ j X)> (jlj <<(^j-aJ 



<n i" 1 oLajJ liA» jjlj <«J-aL£ Lo 1 h a\ (jl ^^-Lc Jjj cjIjLiiyi <j-o <Qjjuo Sj-oj» 
^^ *.kqj ^Vso Jl LLajVI LfjL» LfUlj CjIj joLjJI ^ ja^illl 1 \.*t < s a jj .«^^£.jjl 



facebook. com/ketabme 



■ 



. 



fe: ' . . 



4jK n 1 11 jJj>-a ($J2J .«aLSJI Cjj-oJ J-J-ijJI IjJb ^ji» jl «^yia^U 4 jS n n «U^lTUl 
JaLojVlj <Jj-ojJ1 rr i n\ Cm i iriLtjJLa I r' j' n Ml J_dj£j Sjjj^_a <L*j-oj C) 'j iALajJI <jl 



j^Aj^k aji^e .ixujj^Jl &1a ^1 uj^ujj ^jJI tjjj *aLjJIj .Platonic realism 

si 

J-&J-* aJ Lo ,, "i* n (Jj^ J-»-» '-A tai s>? b J O' J 'J ** " CjI ril J in[ J^a.1 ^^j-A CjIj iALjjJI 
CjI *Jfl" "i n 11 Jj_a pL^i! j! jlj-C^U Jj-a.J V f^-C^Jl <-»L^c ^ <Glj ^La^jJI 
JLaS ^Jju -jjl*a t *£_fl H i hkK 11 j A i K mil ^Jj^o ^£jj JLaJl ^A LaSj ,<UjIj2aJI 

^ Sjjii-JI 4-^-dl Jl platonist 4-aj^LMJVI <-ajl3IjJI jj^J-a jT^jj 

J^« dJj ^J 1 ^ I ^ <<-AjLijLa ( _^_A olj^Jlj <C»ll Tt a II j {< a-A-LI m n II Jaj U -n ILfl 

< <j_toLijJI <l5_l5^J| £jj$ * jj ^| \^"^ Ly^') ^ '. '"^ " 3^ ^ ^ oi f"~* "jj^ '^^ 

pLolt a^-j! fjjjSsA^j <<L mAa Ll ^ilJJI Jol^aj^lj <jjK mil i^jijiJI oUkLaJjJI 
«-JJIj-aJ <AjAjl.11 a ^"^ (AjL«-a __S 'P-&.J <^-iJ-aj-uj t j^l j-v ^jj^. j ^v " m \ a ^ j! .LLL_a 
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-.Mhh-i^ ■■■■• ■ - ' ' xk 

a j o tr\ __fl Jjl t W 1 n A^ H flj r> 11 Ci j i 1 &\ {J^l ma ^-e ^j '* * " f«-*l tjVI jj "^ '" 

Ijl Lo ii^juJ jj^d^o iPk>l» u^ £*"*/* ^jjJI 'jl^aJI <JLlu-o &Lo.m.&JI dLfc <h\ «10 

.4*111 tJJj Cil ftl tii rt JLajLLujLi ^jLAj-JJ <J_»l5 <LjJ-oj 4JLL Sjjlj ££^jCJ ^1 OjIS 

j, S* ^ ^ ^ 

a II f 1 n AyWl <^jl t i«M-*j <l_LJjJij ^^Ij CjJ J jj-fl <jJ iii-aJl 6JLA "J-aJ ^luaj JJLJ 

aL^J L j£ul ^jJI .A. Church (1995-1903) J^j+JZ j^jfi £%h»VI jkuJI 
j--1jj^1 <jj nij'tLa ^V! ^-jULjjJI ^ '^LjjJI ^LUIj A -calculus X, yj m^ 
tjVl u nn, d i ^l «iiiklil Lu^^JI Uh j$lJ (jli\ «A.M.Turing (1954-1912) 
flj^U.n c^aJi^ UaKI... jl^UI ^jIISj^I ciil^j .Turing machine £%;>; <JT 

S^5 6JlAj .Lxj-^L>j (jLijjlvi n I a | Yi 3 \ji» ^jl J j (j H 1 1 UjIjlj *_l_ijj£j lA*£ im"i £)SJ 
^Ijjja ^n mi £a_» jil^aJI jl4-laj jLt IfJjji I4J ^j^-lj <oLf-uaLjJI J «U^-o J-=w 

^jJt A Jjl I <!!■% II <j1 J-O-fJ VI L.WTkJ f^A «V^JJ^Uilj^JJ L_fljJUl ^J^=JI aJLslJI £-& 

software varieties olla-ajJI oU^l ^LJ ^ cjLjUjs <J <J-£j-«i^ 6j£lA 

u\jzJI\ 6JlA Lfl L*" ih" ^JkJI 



- J *l 



j^ji <jL Cxy*jh o^ lA^ JLa*t f^f ^4 J^ jW-^ lt* 6%aP <J' 
J,*; L "; lili *ll-luj2>. ^j falgorithmic computation ia-o^J^Lll i^^JI ^o 

j-ij .^-OLij u.JJ Mll^fc I J M ft"t l^JI ^Vl »— fljAJ (c^lj <J-jLljJL» JX.Ij5Jl ^-o A I Mil ril 

^pj code-breaking (Sj 5 , t. II) ^.a^iJI eii ^ j-J^j^ J-^-c. ^Li ^LLjJ^ II 
^..iiViLb ^i Ujajj ciwljJI <1JUJI oi>sJI J^U. <<jjaJ JLo^i *Bletchly Park 

^^jJLt jLsJI (j_<J <-ilj .^^uLlJI ^j-o tJWI ^Ijjl ^l- ^- f-J (j-°j <Sj $ u*i II di ^ 

J' J j o 

^^1-% m I fl*sl mi j ^^jJI 4_Li^JaJI (j-fl j-AjjaJI ^Ij-^^ niV «--Laj^P ^* m J-SJ 

facebook. com/ketabme 



4-57 v L^Jl ^ 



(jjS-o jL^ ^i encapsulated (iLojl-a) <llLo ^^4-oj-aJJ «CLaJU-o ^i j-^jj^ 

<ujLxLaJI AS "n I <LAj iii'ij jjl ^gj m t II ujj_«-uLaJJ tj-^? (.$■"' f^W\3 JL>Lr' (J" J^ 6 
(^uljj f ((c-^l (j J H ^-jIj-^-H v'*^J f-* '** Inj "tjJI ijj-a-^/l t>5 -l-C' CjI h ^ ^La J -^ mjj 

,_i ■ *j"^ q ^(«-^ ck' u*- f^^- <-j,>L^Lj il^ j ^ \ I <n^ n^>j jjN nj ijLusJIj SpIjiLl 
6J^J Lu (j^-uJ (>j ,(10-10 Jiill) <k^JJI 4& ^i l^lbu ^ «jiJI <*LiJl 








■ ■ 

DB 

■ ■ 














1 
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■ ■ 

■ ■ 

■ n 
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(ji Sj^^JI f-lj-uiVL. iiLkUt <JLaJI ^Jl jLi^ «J/i^ll IIa ^j .SjjIaoJI 4jU1I ^1 ^L^iVI 
LiKx Jiljjj f^KljJI *_jJ»jJI ^aajj <0 ^1 1 j^*j LfJ^ <^^jViILjj f1 1>5jj tp.j_*AJI L^jJ| j^ *M 

«{^AiljJI tjl^ tl Lo^J A-5jJI Iji| J n^" ^gij^JI JaJjjiul U^L^. ^jl (j^jljj iri 
**LiaJl ^l ijLjiJIj <^jK II ^gj"^k n Splji ^^ic jjLfi ((^-LkljJI <JL-Liij ^^ic pUj 
< I ml m J a "i" ^jjjjjJ 4'tjlfl <JI ^| .jl mijII ^-1^ j\ Jj j a i II ^Jl Si^.lj 4 t-Lk J^J 
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.0 J^.jj J-5 <j I a II dlia ^j .^ ftjll ^1 SjaIj Sj-Ua dj ^ "i II j <«2» j_*i»^JI 

<j(A dj -» "u I La-oj^-o Jjl^j d5i <0 \>5jj «2» j— *-=>j-II /c-i (j^ljJI uj^-> Lociltj 

^jJI SjaIj 4jLL djAJJj ^1 1 jjjlj *LjU <1 1^5 IjJ <G^J <jLtujJ] ^J AJaIj 

m'" ^ Z. *> S 

<J*Ssl JLojLLujI J!>J-LC JjS rt ti <|j ia <Lo_a-m2»-4 (jJjjJI pLil ^ j ml CiA IjJj ,^j i .a % U 
Jjjij ji OLLaJLuilj ^^11 ^Jt 411 AU t ^~ II <j[ .CjLI m^ II OjLcI ^ja J 4 t "i I 

pul maJl IJ.LAJ Uftg ^jJJLAJI-d Li-A l 1 *tS I <ljA 4* lLu oLtl m^ II (jjS!>J <l(i-2fc. <t 1 1 t^> 

. (14) U4JUi, * 

(j^lA. pl^-aJ *-o <SpIjjLII (j*"ljj -pfj ml] (j^La Ajhn «-A «jjj^jJ <jI iJS 

LjjJJ (jj^-* [) P> '^ f <^**S ift rtll *-lijjJ CjVI fi \ fl^ *XC ITtlSnU ^jl (j^j" fl 't I .I o l^u 

'"■ A Q ' |j|j *lj-^fc {* I ^ J <t2 <t-| l_flljA.zLi 4 3 *i r,ri n JpjLLirfS» (C-*-^ l£j)" a J OJ A n 
.OUtpUt rj^vA I 'i j a n Ld£. -^ ** uul «CaAjBjj AJ cjf*-* ^^*-? C» W I 6J-A (5Ja| 

,l-jI iii^.II <jLfJ (_j-fl 42 jiaJI r>^ *iii <3 j^aJL tio <-IVI I "^ i .1 IjI <Mj_aJ 

tjjo iaJj-a Cile J ^7 o ^-?\>* ^ U^-l -t-| q(30) = 42 i.tVs'» <<a-aIjJI 6J-A ^^jA I" 1 j 

ij^j U£ A±A t»LL # Jl cjLuioJI Lg-J ,L^j V data (ol^u) cLUjj ijf 

<t22(17) = D _"<* ,d^j"\ll 6 j_A 0< r,j^ |*;|j .17 JAaJL t22 <-lVl pJll LoJic 
CjWI g^J ft^ (j^^ 4 I «LAjj-la <-o5 (j\£ lj[ I ftj^ tj^-s \ m i*\ J_JJj^J *t K ni n CoL^J 
J| J <^tM.u i-)l m^ll ^jl^ lj| Lo (J| (j-a^kiJI liA tj-o JJ-a^^jlllj ^(pljU* nj <G^aLI 

«jjj^jjj <J| ^-Aj <*-j-tjjjJ jd,ftl in <JI J^^a.j ( j^ij"ifl*J <«_oLj^jJI Ijj^ ^ j 4 Ti I 
ai^J inputs cj^LLj-<JI Iajj-»iJ .i-lij^lJ 5j>LLo ill ^1 ^IaH I ^ t -s o^ (j^- 4 ^ 



http://wapo3.informatik.fh-weisbaden.de/weber1/turing/index.html. 
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^Ul i^jJJI ^Jt <Lll ^1 ^Jl ol ft JjlUI >^3 ^Ul jIjcVI u- J*>*~ 

^^J-C 1 j j t 3 d £_«ajJI ^j-i O-a^J fiajj-iJI ^jJ-C 1 OJ-a-j lj| :001 

^Jl Sj^Ij ijL± 4>^j <2 j-^JI ^l <^-LUJI cdk^j J^j <0 ^l L^^ill 

. Jj I A t H 

i^^L L lia j^jAjla jii (010 jjSJI jjlS IjI <JiuJLj 

s* ° ^ *" 

a j) U ^ JJLijLi <2 a—i-ijJI (^ Ci \*sj <L-jj-l!JI ^j-Lt Cjj-a.j Ij[ :010 
Sj^Jj iiLi. dj-aJij <0 (^Jl 1 jl£ jj^lc <1 cj]j2 IjI ^jiJ 'jl mm II ^l Sj-^Ij 

tjI'njU'ill ^LiU cjiij Ij[ ...001010... Jlo Iaj>-^JI g-°Loj *>?> j^t ±* 

CjVI (5^ t>^ of^ ^ <-^ -b-^V ,tU LLLiJI J-lfJ^ <jT ^a mm mi .J-jLLLIL 
fi^jd"! ^-alj^l Vjt tjJl3 <lol mi II 5JVI ^Li «Jali CjLiaJL^JI 6 Jj jj a II £-lfj>i 
<10 ^-oLj^j-jJI IjIj LljLfl <tio Sl^La^o LjJjI IjLi Ij^Aj .CjUUjl-JI 1jJ£ aj <ljj ni<"t 
|j|j . CjLdaJUoJi a 1 i lb * fM^ f"-* *^10 u-* -4 J A * ■' ' &jIjx.V CjI aj W" 'l <£. j a > a jjfcj 
4 j I a * II 6J4J 42 tljl^aJI J-^J-1j LjjLi <3 JJjJI <j-<i <-ftJj-o CjLiJLjl-«JI Cj-*L£ 

j-A ^ mjl (jjj j^xj-JI j-^ujVI jjjJI oj>. (tu{10,3) = 42 - ■"^"■j <<^j*> hiaII 

.CjIjU» a II jJb ( j-gjVI JJaJIj <<GJ^I^. a I ^ji 110 (5.HI kjujjfi ill JJjC 

(£j-aJ| <JI ^1 uji * j "t ml I fl ^*S a j J-jjj^ «UI J-a-^J <-jl <jVI (_>^ j " < "\ I 

t-l 1* Ci-iLS 1J| Ljo ^_j^-S-j^ <Cj1 ini a II ^j-jo <x,j) a ^ a (^1^ <t23 (J-^-* </L1_»j^-jJ 

6JLA «LloLLJI A-JJJ^a <J1 ^ A iii'l m .Lll^2k. * ihl m L|-Jlj < 2 Al J^SjTt m <i C j * -^ g]| 

^ i^oLk 4-cj) a-s a J^V th o-flJ5>i IjU (halt ?oK j^ cij-a. Jjt h) th 
t^JjS J^i o^j .«-aSjjjj ^\U\ mi th ^U <17 j t23 Ji-o <cj IjUi a j g-oLj^ 

^j-oj <4^S a aJI iJaj^jj CjzI ^ 1 A^h <-ajL5 (> yi aIj*i^ a Jja£ th J jL^-l»! /<-fl ^ *** * 
4 -y *\ % Ijok 4 (j j t mi 4 a^I ^> a J oli miI tdLlj J 1 a j (ff^J .6Jj^.j-a ^H-^ cH~^ ^ 
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^a£ pLLi-JI ^2. jIj^VI 51 ^ j \j I j^>LjI^ 1 (j Jn^*;,,.J ^^iJI diagonal «^LJjl» 

inputs ^iLLxLll J-AJtljuiJ Lu! ^ia^lill : Lr L La£ jj mj «lL^JI jI^J 5l 

> mUl ^j-ILlll J*s mi II JIaj Vjj^. ^ujjjj <to/ti,t2,... ajjjjj CjVI ^ajc 0,1,2,... 



J^.jjl 





1 


2 


S 





n 


D 


D 


D 


s 1 


3 


n 


4 


1 


> 2 


1 


1 


1 


1 


3 





1 


D 


2 



JJ£. I4J3 <i-jjjjj ill ^ 1 j; Ifl il uia o^-of (^lll jljtVI) l-j! mi^II 5LIUI jVSftll 

<<aS-tttl f-JJJJJ CjVI £jn? jj"aU*UI 6^LuJ j fj-o-uaju <l*»V (^LSjVI £ya ^"^ 

s 

.4 Vs n II cj^LLJ.1 jj-aa. LiUlll <jj^£.1 jj 

th Jl A t*\ niLt ^jLljJI jj JTl n» <Sj-aJI Ij-A ( j^J 'O^J P-lj-^-Lj A jVl m <(j*2'j 

I (] <-u-AJ jSJlLI 6^)Lllh A.JJLJ /<-Aj ,uAflj)*ij iii 1— )l Hi"^ 11 <jl CjjjjS IjJ CimU* n M in mi 

a 'B l'i L&JUC, <Mjuai «oLl m^ II Jj^o <Gj_a j<lL JJJLj «LajLj ^l_x!fiJ1 Ju£ Sj^-a l^j*sl^" 

<Ja-4j_iiJI ^X ai3 th ^jLi <2 cj! j U t i I j A4 n-*^j-> Jj^if l-^j <th j 2 ^ 4 

tb\ *iJ* m lj| L-Lfl^jj ^J tz^) 1— J m^ ^jl j^Ljj <£aaJl ^jnfli ^h° *-f' ttt7k (S^^^^J 
cJJj ^jl—» L^JjIjJ S^lSj-o AjJLij JjJ^aJI ^j-a i,i ml lll pj-aJI (j ^ iA"t a-j ^j-^J 
^j^Jjul j\ m ^ II rr i itr\j ^(j-jl nJI i_vl im"> 11 4_»L^-J Jij .^Lfi^^Li £p ^StLLJI u tl j-o-2» II 

s* 
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/461;;. M**J\ '$$. 



Ja^iaJI 





1 


2 


3 

















1 

A* 











*2 

-y 










C 3 















ji^Ji 





t 


2 


3 

















1 


3 





4 


1 


£ 2 


1 


1 


1 


1 


c 3 





1 





2 



J^.jj J-5 :^L.ii^„11 5JLUJ1 ?'^ftft II jIjlcVI pj-^y iSJ^J L"M Jj^^' '^-* d\r* 

(^j) jiaill ^^-k- 6Jj^j-JI jlicVI SsJSi .SjJ^a ? K iii n ^1 J-usu <^VI 
(jijjij LjV) t^jLaj^il Jali JiC ljJ* .1123... Jio <jJLaj-o Lf i£. J i^Vt JjAa£. 

<jLi lil <(<JU. J£ ^ J-ajlj j-Ijjjj cjVIj t h ^1 S^Mi.mll cjIjU^II iJL^U ^1 

H IJJh ^ -Jj^l O'* L* U^-° lt 5 Jd^" O 1 ^rH^ JJJ *-" ^ ^>* LT^I ^1 

6^e J tA Jj^l f^JI k*J l^V) JjVl >-Jl <> eilL^ <al jl :^^ 

<jl <*L»^Aj ^ *LT^*^ I«1Aj .JjJaJI ^ jin ujVI f J^? ^ j-oVI lj£-ftj /M al"A. A 
IJLAj .J^_ab^_A ^J-C- <(_£j-i.l A \ "tLa ^j-a f 4 *iS I <ljj^akj-a ^j^^j ^j| <„i -^ t 1123... 
o^J rSjj^-j-a th u-iijjJI <JI ^jl (J-&J <\-fr±* Llilkjl ^ylJI 4 J lAjiJU IjJ «jj-kSLli 
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J^-a.j aJ-C .g iA"<5j fAjjfci-j <lj_Aj .*LjL^-j ,—11 J tr^j uu (j-aL^ c-j' nn (jLS lj| 



£)Ja 3^* tn ^ cr* jW^i 4>=^ LT^" ^ <J^aUI IlA ^ Jj-n n" (^Jl (jVl JilllJ 

jJai-JI jJLc 15 .Godel's theorem J-u^c. <Xaj^a jj&j <<j_jj_JujiJI (^uUI ^ 
_ «Uji ,.« o\ll Brum ( j JJ -> li^ju* ^J (1978-1906) Jjj>c c*j^ ^jl .1. ft \ll 
<(lj^ 1 mi 4jjj^_a-=J <ajLi ljjLuoj Brno jj>j <jVI 1 ^ ml jL*^ ^^-11) *Ljj ^ n II 

JjJjX J a ^ "j jjJJ <^i ^aH (j-Lc J-wIj djl>Jj-i jlj-«-a[ f^-n) 4?A>0-f L>"^ 

Ub Ij^U-» j^uatj <1934 f U 5,^'nll cLV^JI ^Jl ^iLuij <£jLJI j1qU>AV1 
Ujj .r> L^ji <jl£ ,-jJI < t jjlujij^j ^ <j(j?h tJL ^ <Ao1 dllAj <1940 aLc L^i 

\ o' (J ml J-iJjJL >J-S <6j_La.Vl *Glj)^ m ,— f) <jf 6jS>3 jJ^j Lk-6j «(j-*'* j n AJ 2 ' o J o a 
(^jVjLslaJ aJ5jj_c ^j-C J_a* (c-Lc- >J-C- Oir* ^L*-^ **J.* mi II «L^Ja-A ^j-fl Ljj-A^a. 
• £h*^ ^ L^ *J->4j^ cA-* r^ 'L* nal a II ^Jl jft nilu (j-«>" ^ ° '" c^ (Ihr~ iVnl 

S* !# 

OJLJ I iitfttll ,-M «Gj^S. J » i fl .<Glj^ (_jjJ-uj1j SLiJI (^Jl <J >i >iaj ^-fl LoLaj L^uiSj 

& V, 

^l 4-SL-o I_Aj-ucl^1j iUJa-A 5-i-aJlj rj>J <S J ^> " n II CiLjVj-LI ^jVI <^jLfj 
L\J> VUJJ ml jlliluJ aJ L^j] eJLlA A^lll <llc (j-o J^»^J' L^ J ' '-t'J^ jjluojj 

m 

i-jh^MJ <LjjU"JI (j-alj-tVI *U-Lc ^dJ <*Glj^ J>-o 6jj ^Vl <LL^>-oJI ^j .iai 
<Li-oij^o j^laj j5j <<JliJ Sj-al^o <xai >A <G| IjLjlLa <jl£ jiJ :jl(J U ^AVL jjSt <tj|j 

o5j *(aIaL!I £)£. <$jj£- o& p^> (S^\ J U-^V) P^^'j i*i*jJI p-j-^ ?>j">*t £jLo 
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t tt jjI^ l i! ' .^jil-^' 'f.:'. .!; 



jjj ,JLll <<jLaj SjLfji* <jj^1 Lo liAj <dliil <^flj kli Lol^£ j \J\ 30 «G^j A-^ 

.«?j i^ m II ^ MIL» ^Iaj (jl^ <j! ^-^^M U J* 

Cij-Lu^i <aAjjaj LIA (jj-UJt-o i 2> :afc J , J .jJjJ^C. |»^ujL <lajjj-o CjLIAjj-o 5j£. <Lcu 

<ljK .n L^ji cxJI <j^-^ cr*-" «^jLcjJI J^-a. Lfjl^is. «ULLo <j ^ ua 1931 ^Lc 
^ <jl? jU .I4-» <Ha1a ^^.1 jJ=^j <Principia Mathennatica V L£ ^i SjJ^JI 

<Lj-yuaLij *IjjLo ^jLcj ^uaLjj Aji o I m n A.Ua-j <jjl ^^J ^-^^ O «L HJLaJ l lj_A 

Sjil^JI J kK.u i oUIhl^VL l^i^j J tpLSI ^^j V meta-mathematical 

.a.1 IriMl oLoj j n o ,—JI 

j-A lj_A» d+1 =2 Ji-a (^jLtjJI ^ <LJLlLLo CiLi-LtfsLijJI .<lxij Lo Ij-A 
pIjjLo < i "tl j II j Oj 1 1 A a j (| $ n \ 4 j <^iLiJ (^J^l ^j-CdJI f((^j-CjJI 6j_A ^jLAj-j 

J-LfcVI J_kjJI ^ j! f}Hx> fPeanO J-iU-i Ol n I nifl ^) ?j ml mVI Ol o I m rtll 
lu_A ( J * (j J tl jj J-tulj Lfl Lo-8LJ ml ,JLll laLaj^iU A i t m'! o II «UjikiJI ^J-C A M n II 
^jLcdJI f*J-2,>J /c-fl C*-iJI «Ij^j'S <j[ -'j-^ ?^-*J •*• *' D 2 <Pl «rg ^jLcjJI I La U t j 

.Jjjj£. <i*i LJ <4^j djj^- 1 ^ ^Jl^l iiiiSJI J^-ll d£J *tH ° jfc- 

J-i-o <> >l ma II jX±C f jj^» _i 4 I n t" i m riil jJ-aj-JI <j-a JfldLfl J-J-fl JJT, '■^J^ 

\ \ \S o t . «JJ£, j_A JJJU j r m' \ n II _JLlj|)) ( _A <Gl n I m rt ^J^hl i jLi nj v j-jLlj j^oj 

<s1 = ssO = 2 iSO = 1 ^Li laJ <«J ^i.LJI Lr BllU s ^^ <i»j^ x 1 =sx <p& 

<6jO£. ^|£. jj olo J-JLlo Jil L y£XU^L .S SjLilMJ 7 J « = » SjLi^U 5 jOdLol 

joaJI x Jj <1 1 joaJI x J jAi^li lil <10 {y> ^j^l -*j^j ^J^^ ^ f>(1 lA 
^jft^ v>*^ J-uaL^ j-a ^^tjJ Godel number Jfj^ j^£. (ji^f i^dlc .13 
I4J l ^^l£xLa x = sx ^L Lilj£.ji ju ^j <[^jj^ ^^iJI jj-ojU <iilj-oJI jlj£.VI 
^jL^ Ijjij ^Jjll x(sJ)7x(= J)5x (x 1 g) 13 L^JJI 

4 J K mil ? J m n X iA" tLa (^J-C^ jM ^'j-^V '^"* l5"*J ^ h ^V .5005 
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IjI Loc <u-uiLjJI <J tii.nJI ^ <jLa.Vl iTi^ftj (JllLoJI J^j-uj («-l^j .^jl.m^ II jjo ^ 

lj[ Lo rl V***» "'l (J^JJ-^ (J-^ ^itlj Jj-W (SJ^-^ {S^ cj)i.\ •% "t ^j-CdJI Ati-A CajL^ 

4 s* 

.75 j,Axil ^LoLc 5 ^jj^j LIja LLaS (i^j^JI ^^dil JjJji j^*J Molr. 5005 

1 * 

X = SX ^j£,jJLfl IjJ <L$-j (joUJI JfJji- JO£. Jl o*"i miL <^jU.jJI a!*Ji ..u 

O j s 

jJuL-J! ^llJI jjaJI jjfc 6 ^l» <6 = s5 J< m IL )^H ^^lll) 6 jjaJL ilUlJI 
SgjjuJI ^jUjJJ JjJ^oi. jlacli <5-3>£ ^5 L^j .P5005(6) ^^>cjJ1 ^ («5 jjjJJ 

^^CjJI ^Lj ^CjJI UVNnj <ML&i .SjLua tliiljjJ (j-^JilJ fj\ ^jj P2W) j pi(6) 
J-Aj) «aLa J^£. 6» <L-uoLjJI ^^CjJI ^ r 6 jjjlJI ^^^lc 3^* ^^^ <P4 ^ '^ 
A J-al^xJI aJ_A * uqj <<JLaJI 6*XA (^ij <<lljVI <U-al^c fjnyn oJ^f (5^' JJjlJI 

jlo^VL hl*i ft (jjis jl5 5 (5^JI chj ( 6 = 1x2x3 J 6 = 1+2 + 3 lt 5 ^ 
.«<^Jjl Jat 11» 4jlwJL Ps(1 1) l>k jjt UVsojj <<jJjVI 

^Jl j J m j «LiLi <(la~a. S j Jk j < jlj-cVI 6JJb <l j I o r j) 2 j 8 j 6 ^j-A J-ij^i. 
^Ul 6^aI>JI ^ij) 2 6 x3 8 x5 2 = 10 497 600 J^ j^c ^U^VI o 1 ^^ 1 
^x^ jLi ^jj j ^** t " a-5 L^j *(^f4ji jlj-tl^ 5 < 3 (2 jlj-cVI j-a^ «o (J^l ^ 
jIjjcVI >a£ i^j^-Aj ^.a 5 jJL« a II ^jLtjJJ iijjJaJI ( ^j_aIj- ; JJ JjJ^ jIojc.1 

^■aj <-j K II ^^j-AIjjJI fj\ j-A pIj^-VI Ij-A ^ a ^ ft lli <<£>=J Sj^oj . 4 j^ 1 4 II 



(jajbl^^JJ Jjj^ jlocl (j^ jii *aldcVl ^ ^ w V tiij-h .ultrafinistic ^ t »l nnjill cjLj-^>LjJI ^i (16) 

.U lii .a jIjcVI alA Ifjt ,.v.ia"t <^.jJ jj-ij IdA. Sjoj^ S vitrtti 
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<}Lixk <4j»l ni^> II iIjUlj-^.yi jLa-sLLujI Lll^-ajj .^jLuj-aJI aAl. (jljj-o ^ 1 II ^ j| 
Cuti Ijl La ■_* tJ^Ji t 4^J-^I ch^L^ O-a ^J<" '*ij La (jLa^j ^jIS |j| La ^lc- a^S"v II 
JA^Jl LaJla f^U* n H (jLa^jU Jj^j£- J^JiJ J-alj£- (j-A JjjJfcl^jJI «iUjJ Jj^J^ jlj£.l 

.15 j*J] ^U 3 3 5 D 15 = 5x3 

J^ *■ i -k (JjJj-C 4 a * " * r-lj-aJL-LuV 6J-A (JjJj-C jlj_C! <jVI J n'»* m\ nt 



^j .computability ^1 m^ll SJ^LaJ j^jjj iiSLloj jjlil^ *I>?J t>- ■ Lll^o 

<G-Aj_La <J-iJLJjl CiLiSt £}£■ J-4^ul J i \\% j-aCI LjLujI Jj^^C- J r\l\ m,I jJLfl <4 AjA^ II 

A it i^i (jLb^jJI ^jl^ LaJ <Gl Jja .Sjjill ^-IJ (<U^jij-a\ jIj^joIa S^jUa ujj£j <uL 
<kil]l ^1 ^iill ^ ^a. CjjU <LbjLaStl ^^1 ^jjJ! <^jJI ^1 slikluj jJ ^ 

^Ij-a. iJ-Aj <po(D I d J ft '"* l '" 1 J ^- 31 -" 6-C- C^J^-^' u 1 ^ aJ-£j Lai ^po(O) 

^ jl f J II 6J-A ij^S-J J-3 .X i j I * j j (gjX.J po(X) j-ojJLj ^ 'i 1 't iit j Loj n r, j 

<«1 j-A X _J ^Ajj^jJI jJl^JI» ^^-A ^j£.jJI (jj& ±& ^ilLa-fl .<jJaLa. jl 4 ^J^ h"» 

<jiJ ft U^ liAj <7i0 = 1 (jl (j^l^ LpV <JLLLk Po(0) Cxj^ <-IL^JI aJLa ^j 
<p (x) JK ,t.VL ^jLcjJI &1a t ->"<\ .4jo"\ll ^i. ^La-jaUI jI^VI ^ J^ 

jlj£.| J^ ^jVI uJ^uj .goa ua >kVI (jAaJIj ^P^Lk l^ iA^j fl^ ^Jj6j ^Pl(x) 

(j-iJI ?\< oVI j ?j< I j aj< j|j_tVI & j (] lj) a ^ ,a Jjj^ j <-^l^il J^ J j-^ 

:Jll!L I (|jt im 
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<jLi Ij£j&j .tailjjJI ^jcaIJ (uijJ>-JI) JjJ^ J^£. jJb Jjj^ll ^ jj^ J£ 

.11 jjb 2 jjjJL ilLuuJI P3 ^jcjil uij^JI JjJjc- J^ 

<J-La ^jl (j^^jJu ^j "^ \ $ i 2 aI i— Lfljpj m <— il 111^ II <jlS Ijl La (c-*^ f^ "* ' ' A-^,A>^ 
(j^ij 1 mIt <JJ*" M jL»dlxi ((jA5ljj ^ ll«-5j lj| <j^J <6jLiiJl (j^-aj Jj^aJI loA 

.f' j_i-oj-oJl ^j-i J ^ J*^ 111 <*-jjjjj I n J 'S (c^-*' ?? "> "* '' CT^ I *' ' * fl *-^J <<j*' 

iLUJI LLA5JI Jj^a. ^ A^^ j^ <j^k5JI SjLaJI ai$J JjJjc jjs. 0} 

<_£jX,jJl^ f^j-CjJI 4*|l*i j (j-aLaJI JJjlJL» ^.UTt ^j-CJ ^^-A ((<Ljln«all SjLjjJI» 

s 
La ^jlia ^-i i±q^J (j\ uiA |J <(£j£.J <J -Aall 6 jjfc CjjI^ LoJj .2 JJjJL «LSIaIaJI 

.2 ^jtjJI L^_j1 cl>^* ^ (j^jj-ii! ( K* "'M II <jj«-jj .^jLcaJJ J-aLiJI Jj^JI ^ 
6iA ^ jjt ^jJI (JjLLJI ^>LLll JjJjc jjx. ^ j-^lll <dii£ >aVI {J& Ij[j 

:<gIj (5jcJI JjJj£- aa£- Jj^Sjj -30 ilUJI 

.2 jjjJL <Il*laJI 2 ^jcjJI ^jl. (jLa^j ^.jj V 



P2 
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467 ^U=.J! vk 

» p * 't 

£y> fj\ *\* aj <M_xi 4^j^ in <^j£.J_ll 6J-A (j! (jLa^jJJ 4-LLS 11 ^jLcjJJ J-oliJI 

Ji itdJj ^ Vaj <Li-J^lil Ijlj !^Laj-JJ i-LLLll <^jLcjJI Jjj^> ^ ±*>S* ^ 
LajU /d^ ^ ,^ ^j£ 2 jjjdL «Ulvmll 2 ^^£,j]| ^j-L, (jLa^>j 4>^j f***! (fj^-^ 

■s * 

^LajjJJ iLLiJI ^jLcjJI Jjd^. j^i Sj^j-a <j^£* ^J ^a-Lc <ilLLk 2 jjjJL 

■c 

. 1 (} * a ** j! (_£j_CjJI <f -*• tAJ jlj-2 jlj-t-aV /<-fl-^-f V 4 I n t" in i <_£J-ll CjI a 1 m n II 

*i]| 4 \ (ALjJI LiLuaill ^-a «Gi-o jaL JdC A>^J '^ (_»* t1> i «**-*Lj j-i£. CjIj iALjjJI 

* o s 

.d r\\ m n II <j-o SLLjL-o <Lfc j o ^ e\ (j-° I fl "s\ Vil ntl (jS flj i <jSJ fL^-IL^-uo J a1 *sj 

j s 

[^jjsL&j fj\ jjb Uli J-ajaII (jojaJ .jj^l""iVI ^UsL^^La t£j^.V JJ-^VI a^Laj 
Jaj^JI Jj '(L^k JatVI jJLc ^i ll*. Sjjli 4j*mUII jla^VI <jV) j*JL ^LUI 
«LLLUI oIjLajJI <jV) I o j I f, <\\\ m^ ^La-L^c ^1 jl-^i I *** "*j-j lx>^ u^ j-* 

j-^^j di «VjLfl .ol i i^LjjJJ <Lol > i II Ajj (J^Lab. (J_»jj-c <~\ \W ^'iil V 

^jl J>iaj V g-jj U mi H <UjJ ^i I 'i j t o La iAj ^jt ( _lc JjK in ^La^jJI J *^" .^^11 

^jjS ^jl .^K i m II A.UbjJl tjjJ ^J-Lc- oLA^jJI (jS^j V JjS^jj ^_uaLjj ^jLA^j ^-J- 1 
<LaLaj iSjij-JI ( j^J <«fjK mil (JJ-aI^JI AJ-A J!Lo f^J^J ^-1^ 'jjl-5 (^j *i Jl JaaJI 
LuJ jlllJlj dljjVI ^jl (jljJ iiLlj ^jV f^CjJI <^fta ^Jt I j\ft Jlaj AjiLi JAJ 
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lil «m"<I LaVjI o-1L£ .1 o -^ jjU ^ (5^a^ cjL>j! d>Mij oL-uiLj>JI £/]h» 
jj^j ^j ^U^JI Jli <>* incommensurability (y ml\*OUI) <j uuL-S^Jl 

^i^aJI <ls\j ^jJl fj^uir. *-jLJI o^I (_ji calculus J_*l£lllj Ji^U'ill ^1 ...-k 
^t IjJ <jL£ infinitesimals j * .^11 ^Jl ol j al 'i" <^UI ^ J^l » j H ^1 ^ 

# « C - -J. 

6jj^ aj J-ujIj 4 i A $1 \j> <■> J-j-o <Cj1, lAifll \" .11 A \ \\ •§ a 4 \\\ \ U «Lojal C^lSj .f'^j iti a 

^^li-ujl ^j-Lc ^ <r»9*i m LfJUlj Cid-i ^5-J-J'j f Lhf J " ' * M (jj-3-ll J»i— » ^j-i <JJ-±-? 
C*-aAj CjI i iALjjJI ^ji 4 im A J .11 ^xu LaJ 4_jLs t^jil t n J' ^j-o t., j t a ij .Cj>j iALajJI 

<LaLa3 J..u% <— »jl m<U i (j 1 Af. (£*4jM l^-il jJLu /jP-li 4-*jIjJI CjI J <ALjjJ1 (^JH 6 j- 1 ^ j^ 

CiJ^j ,jJ " -*- <r*l ^ jJl £y& (£3~ tM a 11 IjLA J-La jLL fj-toj-o J-i-i <LsL&~kJl ^j-oj 

.. ' - * * ' * . - - "• ' . 

«UljLLa (jj 1 aI t II (Jjj-^LjjJI * i U" mjj .IjjJ.in ^LLk (^Laj ^",'V' (J-^* 1 l3 ^ * ° 

"* ■ "" ° J 

j-fl Sjjja.^aJI <LLi-axJI CjIjjLaJLj J^jf >l a" A I *jU (JtjAi *— ^L^" Oj** ^-^^^ 

5JLA ^jii n^ (j! IjLil J a! ^ a H j-i-t (j^ U* (JiJ-^-A^t? L^"^ ^CjIj <^Lj>jJI ^j n m l 

^jl jJb <A-ilaJL «^-jIjJI lu mil .CjIj iAL^JJ <*5-iLaJl Afl'UjtU't S^j^?- v->l^iUI 

.^jLJI ^aJUJI c-LuajJ <f laa ^yutrtJI ?j,nt nJl <iJJI i j-^J 1^. SjajLa Cj\j 'A>L^JI 

d^l 4^>lj..nJlj 5 j' ai 1 H j aj I i II a ta * A Ipo c^-AJ fp! \ iALaj-11 O ■> A J IjLi 

.CjVLu=^VIj <£.I^uJIj 

^ j i \ c. ^laj ^jjfc is^ 'ulj tAilj^JI ^ji jj-fl u.m i ii 'l ^y- J'3 - "^ r^ 3 ^ l^-*j 
^Ll*JI jik? <_fl>^ LlAj .ia-AjJLII t_LuajJ 5jljIj iop^Lo <-aj^L» ^Ui^VI jiii! 

(^LluI <J (JJ4-J k-fij-i-p Jt^l Jj-^ a (c-A <<liufl j j >^-^> <Tt <-L^jj aji 'S j 1 (-JLjLaJ 

% m & 

jjU J^ cU^ Ijl Lo c^Jj 'f-A^^Jf 6^ lAa^' p-L-ai[ c^>»l illAj . ^d"S «. «Mi 

^xj <JLj a f < i-i tl j i-aj; ^jli lj[ La cJl m^"i ml j fJajl^ JyC Jajli f\ x^\\ ^^JlC 

.i^^jJfJI ?jKmllj ^Brouwerian <jjjI^JI ?j.m,.^IIj ^^kiUVI <f»il^JI 
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wjLbuaJl aJLc 



>.^"m l^Jl jj^l cjIj <^.L>JI tjt ^ iGlUI 4aj i m II .(j j m Jl Jlall ^ILIJI ^tuJI 

«_-o Ijjja* ^-LkljJI A^MaJ « ^i .^.jLaJI (JjLJI jJUlJI uA-t-aj j_-o LjljIj liA^ 

<5j^>kj j^ki «G? ^IjIiVI ll^aji *^LJI ^1 cxA& Zj^ IGj n"»r .1 IjI S^.jLkJI 
< ualA J< m ^^ jUJ Cilij jIj^VI dlS f^^* cr^-J <(J*^ cjL*Kj ««Gjj^P 

& ^ S *» a 

/d ^ .Ali ^vl ...-^ yl jlj^. (cAj 'lj^ 6 J \ iS Oli' m O H (Jl^^J Lojic j ^J"* ""* ^ £ - 

S^JL a U t"j A ,-. .,.^1 ^jjbLLcJI &3_a <jV <<jjjJJ5yi ^>-i£. ol injij II ^j <4 5U*i oli 

^jjljlL» «G! j <«Ll1^-oJI <j-lJI *_a ^jjialJI ^JuSjJI (j-o La p j^ jj£. 4ju f n* II I nn itn 

■I d "I j '^»L^ (ji Jltlil ^5ji^ t£j^ ^4^" J^ '-^ £ ' 

aj^J JUj m j II CiUJLx-dl fj) L*-^ (joljliVl I 't Vs nji tllSjj mi o LajljIj lj|j 

S^£LaJI 6jJb j—^-jjj .j-LojJI a.Lu±jdV (£^SJI Jfljl^>jJI ^^i ^Lfc*-^ Sjj^j-« ajj&LLoJI 

tdlaj Lijlj <*LoJ_II JjJj <j-o 4j\* fl <fj ml miVI 4j\o i A II iillaJLaJI Cil > IU n II ^Lj 

j[ :^L«jil Sju^jJI <jbLLJI ^^ 6JJ& ^1 J^SI V UI .S^5j ikjI^IU <j^Jj|jjL <5Ua 
f-Lojil a i* <^aj-o j-tc. Cil UI ih i jj^jj /uLoGJI (j-oIjIiVLj A-1L» aLojlaI HIL^. j^jj 

j^^^j >a-ju) (j-aajJI (>i ^i5j <iiAjjl^ ^a£ <5j^1oJ Cili^Lt (ji jJalll ^j-o I Vi^/n 

<loj^ Sjj^Lb jjh ^^Jl tjL» (S^liJI 6,14 c^^J^ j^ u-° ^^ ^jJIR- Penrose 

co-processor djl .t. n II gJLa-aJI ^^lt ^1 <^LojJ ^ <4-*jj'j-=^' ;>* j I - * w 
.^L»j±l <4 jU a ^ji. L^jjj «ll^Lij c?>21j 'j-^5 |jJ-S-l ^j-J-fJI ^jjI^jLJI 

<LiA_a .oaj ^jS a t La J I a **" 1 ** A ^ t ( <j_o j^jl *AJI CjI t' -""^ II p-^j-aJ «LaJLajS «rljl ^"»^1« 

<-jj i* j II S j, \ \ 1 1 N. Chomski ^\ m nj-*ii3 ajjlj *LjJj ji^i ^ <«Cjj*tji» Lii^^-o 

LLjIS LjIjjJ. l^-Lua^J 3j<Utnll IjJJ^S ^ ^jiilJlj <<JLlJI t^jl mi'^I ^£. <j^LftJ| 

*j^LlJI lajii i Al ?>j"*** ^j^f f L*^-U Jajl^jJI 5jaA-i <j-ojjlji^ ^j-*J Kantian 
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■■H 

■ .; 



■ \ • - ' ' .." ' t: .-. ■-:' :: -- ■) . v . 4*gWMS^» -4TO 






A Jl » 11 (JL?^ '- 1 . 1 '" LT* ^ "* <jVi l* M ' r (j **" 1^ f^j^il^JI £jL^ LjSjj^J A-^C-J 

( CjLc j a -n n IL jlO£.VI <J&tc ^JJ (j^- 1 ^ ^ -^La-^L^J' J^ Jjl-^- (^ (5JLJI 

(jLfl <jTjjj! 6JUb jiiVitj . j \j t o PLC j) a ?^ a OU Jla a HH^ Jld£:^U fT-aj-* **JUjJlSj 

J. Von (jLo^jj ,j^aJ (^La^j) o>^ o - *"" lt^>^^' - cg j ^aJ I £_^LjjJI 

^1j ^j^JI cj^uibJI cJ «^j^ £-* C ^* J 4 cs^ 1 <Neumann (1957-1903) 

t t, 't ■& « " * 

<|ju^. <)hnnt <Q-LA-a pLc j o ^ a Lfl-JL» <j UI * * L II jlj-t^l uJujJu* ^jN a a II ^j-a ^1 

^1 «LJLkJI «Lfc j a -^ o II (5joJi ,-ill «t£j-eLa~aJl <jLj 1 Lfl^JL-o ajLj aj .j-t-ollc (c-^ 
4 j II ^ II ix.j a 'N a II <j-a J^ Lr J_C ^j" ^" ^^.iJI <-fcj a ^ a II OLj 2 j d ={{}} 

3 ={{}, {{}}, fh < 2={{}, {{}}, {{}}}} tft iJUJI ^^o^JI (j;j^ ^Ul ^j^^JIj 

** ** (17) 

fLoL&j ajjJI ^ jla£.VL LIUJI o^^ 6l^ ^-° ^ ^ A J * Ij£j*j <{{}, {{}}}} 

,ex nihilo ^^aJI ^ U uia lia^Loj 

^jV Jlj^ II ^Jl. j i" 41 CU^ LU <S\ ^^ic i^aJI C^aj3 t^L\ (jlSLo ^j 

^j_a a II * II pj ixlj (jLi <J)IU a II aJjuI ^j- < 'm J -t (jl ^jS ftj lj-AUo in «m ^jl t fljS 

S* 

^j_a «LuLa-tiaJI jlj-t^U ^La-ijJ OJ* J iA*\" ntl J-t-o LoLaJj <j^^ (ji < T * ^ J aJaJI 

j^alt vr j p^^-i V t>* jLL ^JLjlJI Ju iiiLLll tLiiLaJlj .<JUJI lc j r> ^ n II 
ilijJUI 6J4J J,>^>ll ^l c^l ^1 oLi^lAiJI (jt ^jic <JVj L^i-ua^j U j j hiq" 
^JLjJI <jlJ .dJj.4 JjJJ fJ IjI oV <lj<U\rt self-consistent U^Ij < o? ...n 

.u-»LuxaJI aIc «Uli <_>u£j 4j 45JJI <aJul1I ii^Aj^, «UiJUla <xb <Uj IjJ . jl j Vi m 

_J| I iA^ t Cil j 1 n^k"ll fjj* A j j.\*t a II Jjl J ^v .11 6JJ& a >Aj ^3! A^^J L>^-^ 
<-LaLjj ^JjJI «LijjlaJI (^^>3 LfjLi <(£jLaJI f^Laull Ctl * «AiLjJI <^.ljJ LojJifi.j t< j&JLj 

<jJLaJI <£jna aII ^1 Ujj«^ j-«j!f ^otc.jn-% n\\ <J^>JaJ ^J '^J- 6 W^|J 0>°J^ 6 "^ A ^*^ f*J^ (^ ') 

<^UI j> ^Iaj {{{0} <0} <{0} <0) <W) <{0} tb :^Jt 4** : M jIacVU loJ .0 J^iJL 
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<<-*>f Mi IjJ .4'^ m" ^yjJI qLj j 'm*? II j ^li-ojJI 5-4JJ /^-Aj ^ '"^ (^jLaJI aJL«JI 

iiJ <£LaJI LajJj ^^lll (CjLj-l^L^I <jj£» ol ^ll-iojlj Wigner j^*->j ^jj Lo£ 



<j! LlI j±±j L» .deep structuralis «<JL n r <j^jAj» j^.1 <jL£-e> ^ I ^jLj ^ ml 

J-oYl ^jl^ Ijlj .i—tl 1 m "V II aj£. ^^_lu (_>"J-1 - ^LoJI fjLjJI fpl^JI fJ^J-ll - ^jjJJ) iii"\ n 
l'n^nj V .<K tJjiJI ^^-ls- '^jIjl-oJI J^o ^'n aj f^j^uij JjJ^ <LlA^>J-o jli <dii£ 

jji SLaJ u o*m oli «MU'S <j5La f^ uL? *LLa. ^' , - 1 f-r* m ** ft f-ILsJI ^1 4i>*-o GJI 



J 111 l >l\ d \ i ^\ 



* L« ^J-i-C A.U2 



U ,„WI 



j .uuLIj L-a-fJ Jll f^J i Q~ ■ 



<j-° 



L» ^. 1 



.jjAaJI j^-L |j_^JI ^ <^5j LoJIa iiiJI ^^yiJjj jjLJI Jki-Jl dlij IIaj <^£.LL!I 

^ J ( j $ n H ^1 £<jJLaJI <X, j (\ -\ n I I ^J <1Jj f ± ij ^ ^yJ^ J j^J "i Jjja.^o j_A Lo J^j 
.J^JLa.II p.JaJI ajO La J-^J VI fiLAJua <JLslL ^ujIj (^jJI 



•J 



^jjJI I m j IU a CJ jb <jJLxiJI dJG ^Li (Ca^^II tj^ij ^j 



YJ LaJJ <j-i^j ol .i it m" j_A fitCjj^ii-e ^! <jjjJI ^i^J J)!^ lj| (LLlj^. Lo JS!j 



^CT^ ^ L^ Jf^lJ 1 cj^^f ^J 



»|j JJ-LJLc. 5jJJ Jjl mi J_A (^jJI t fk 1 1 II 
.«1 <^>yi 6.1A ^yja <£-Jj J^^J '^J^- S& 
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^Ul i-jl^Jl IgilJI (j[ S a (j g II Jffi f. m ^ «L» jj itn I <*\ ia[ jjljllc. <4\A? tjjl H 

V ^j-JuJtJI (^>LJI JiLk 4 i/^l ^ ;j <jLaj nVtnll jIjUII ^jjL^' J^a >aJ>! 

<SjLlaJI 6J4J ^^ir.l LjI .La jji. ^Jl <G *> o ^±£ oJ^! -^ ^J-^J f -I? H J*^ 

<<L^=wLi }■>/" ^Jl JJoj"j.m <theory of every thing «j^i» J£ <j>lxi» u * m" 
ol ^1 <6*^l c*aJi^I jj-«VI (jl j-aj -Jj^-=^ I4J (^JujJ Ol 9j tU"j aJaJI cjIjii uu f^i 

c j l jUI f-LJcj j 1 m r. *_-ujLjJ1 j^^IJI J^-ljt *Loit <j^ <j> M> l "'^1 l5l>^' 1^^^ C*"^" 
(_£j^I j-JI Vj-j-oj jJLfc^JI 4JuLdl CjIjJ^JI Jj-o UjJ < <J n J," * A II £ J A ^ O" *— "jJ^I 

?Vj4j 3 1 * "j 1 ^ j oj .gadget siat «HL^aj jj miij) ^tj <<JjL* <L.I ^ .At a <>«"" 
«UI *LiuL u Km cul£ jILaJI j^-iJI ^1 Jj-4-cs^JJ Sjjt-j-cJI (j-ajVI (jLi <*LJjlJI 

^^lt <l>JjjL3 IjjLS A-fjV <«Jzl d-b «LoJuLi La Sljl ^ o 1 j "I k^M-o » jUTi mm V 
a 1 » II ^ LoLali ■ a" 2ii j aJ 6^-DI 6J-A <jt ^yJI SjLiiVI jJ^iJlj .iljIjjVI <x.I *l i^ 
<LLlOi^j j < 1 (i 4*^ II (jl (j^fl (JjIjlL» pLaJjul ^A t { j^J k J CjlAj (j-fl (£j!-lu LaS t^Utlai II 

cjIj cjIj^I ^ <-fl-Jj-« I o m W ^j-A Sial (^Li .a §\ II ijt^-lJ <^jLlu S^ii Sbl 

.<US^-o Sljl jJfc CjIj i^tl •% <,*H"ft 1 t-tc-^* <j£^* tAijk's II (cij <jii i/^Li j» 10I ^jiijijlift 
>.4 '^>"tj J-Aj ( iJF XsucJ\ Ijl^-j Sljl ^Jh <<jIjjJj 4't^ mi j LlS^ *U (_£aJI f^^JjLH^V-^ 
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V[ (jj^-U < 'j A j 7- II <-lj_JI ^c- j-i-AAjJI fj*\ a % V «gLj IjJL^- (j-*j "*»JIj j-^IjJI 

<ijft"\ n I j b^j (j^Q-> /c^J' TTtiLttjJLj CjI t iALjJI JsujJ iljla-o (jjl (j\j <olj iAL^JIj 
A \\\\\ Lfljj^ Ijjja^-a LL^j cX>^ O' J ft " a J <4-ijlnA II 6J-A J-LA J^J <jl <<LijL$-J 

LjjjjJLaj Cx^t ^ ^ LajILo ^pJI _ SjiiJI 6J-A OJ^J £j\ J n" ^ o II ^ 

j \ <ii4" j—fl (jJj-ALo j n i uLfl .e-fljJajJI 4jLjLj _ «L-LCjp n/t ^jl <jjj <j j '"$ 3 ii)jLj_ol 
Jl « a " ...1 * /d i j 1 a II a j f ^_£ <i 1 ^ " uj * II £j\ i lALljJI j-<ual ^ tj <ol i r^iLjjJI 
a J XJ j j UI 4 jv 11 i e-fl j 3 "\ rt a-Aj t 1 m 3*j ^jl LojJ £jjJLj A-Aj <<LijJLo i")l ^ I l-i iri o 

S # # k' 

Spin AJJnIj jj-uo-J (j *S ftj lil^Jhj -jLa. J-£ (j-Lc- IjJ ni«"' J-k-f <Ll£J <JI n^ II 
Pjj-i «LLaJL^JI ,-i j-A «ajjJjJI» (j\ e-fljJLj I Wsl <jjSl 6jS <GLj Q1aj ojLH^yl 

Ajj) n-> II 6^ (j .1 LoLflJI 'j) *1* *" ■>! q\ a t V 6jJ ft n II <jl n u» ^)lj < Jl^j-S^JiJI m lL-t 

J * I ' qj 1 1 SLcjLo S Jj ^ n II ijj-4-aJI 6JJ& OLa-jjj ^jLi iUJJ £ya j-xSIj .4 tS 1 injl^JI 

cjLjuj-luI !***<*« <gL» jaI^v» >«j^ <^yL\ Vtlo string theory jIjjVI <j^j ^j^j 

a j.Q fl n II lilft jLu£.L dlljj <jUJI 6JAJ J^jJJ Lf^^J^' aj>^ LaJI (J^J^ U^ d tt '** t 1^ 

<Sj^^-o a^. (jj£* <& ?j p il o 'i II <L»^lijJI ^1 *-oj .jLxJ Gitj ^_5 jl^-» I lLlL^ I^jj 

^ j s 'j-a-ll pV^-A (j' j? '(j^LUI jIj— ul» I o o o a j 1 aj 1 % Jl Uj m t" __fl ^o * a ' A ^ " A 
.a i^^ll <Lli <jj14-UI jjKa"inflJI oLijk'tH Jj^J Sjl»j^ ^JjI^Is uj-^j "■ 

iulflll <j^jJI <^fil ^i ^«4-*jL^-1JI ii^kUI» ^lUirtftj </nn (^Ul L ^J 

<( j<iA ittl l CtaJi ^jLjj^j isLiuj A\ \r\ ^ JS j m ^*t <x* a ' J-^ (jj " <i.U^j iljLsLA 

** * * s * s T* " 't. m* 'i 

^jlSLaj ,\ uiaj A_iJfeLiuJ Si.\^l ft 4cjft^ a _Jb 4 tM ^ J II «Ujialll .L^jlj ^jun imII ^_9 J_i 

VJ duli VI ve^ <^I^^JI o* <{=*&**> cl^S <J u,"<V V l^j - ^l*JI (> 

*JLjlLI j t ml mVI iflJI aLLj J A "t j Lii^-o _ * j^ua^jj j_L11aJI dljjVI <JLfllj-4J 
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<JjL*_JI ^1 SjLiVI is^'J-t ( l?±LL ^ jj±y LJ S^ii diLkc)fj .^jLJI 

jilUrtll jfifiA II jJij^ (jl^ Ij[ I ^4 c j L >^ *,>"^ ^^j Jf5 ^)^i <^aJI A/Vheeler 
61a ^ :predicate logic fcj. ^ 11 jlaiJI statements (5jLcj <>> itj-a^-o jj& 

<iij Big Bang pjh»ll jUirtl ^li Jaj «-self-consistency ^lill ^U mVfl 
(jl£ IjIj .5JL55Jlj C-oj^l <L>kl!l ^jjj 'jtjVI ittaj <JI llJU> ij*^ cs^ 

(*j WWx\\ <JJ&VI /jc-I^ fd^-j) t m <jL» ^j-*^^ CX>^ U' * ' ^ n * ^ ^UJLijjj-o j_A ^-uaLaJI 
. 4_ljI^_jJ) d .jU^ 11 jLa^l jjjaj f(jVI Jj^^jo ^jjfc Lo (j"*~* 7T *^' n 'i 1 1 (jj ftl A^ (j i fl j ft f 

6JJb <L&Jjulu ^-o JJ*^ inj mi ^jti <<fcj^lnnll Ljj£ 5pI^>5 ^^ifi. SjdUI fnflJ^ Cul^ 
(j\j f£jLojJI CjVliGJl ^o jj^Tlrt jJlL 4,1 ini cu ^1 Jj-wajJI ^ ,tfl aJ <jl /oLaKJI 

JiVI Jji j-LuaVI ^iSfl t> Je>ls J>L ^^lr: la>=.> A £«,^ [ l f-f-^ 1 J-^f 
££jJ I Kl i^| jJjj-jjj IXa ^^J <5jS t*t n * U -s ^ j j i ii j (^JJl ^JjuII ^j- ujj Mi j n < 

<<alilj£Jl ^U'Jlj Jiliill j j ^ jj ^ jrjLalJI ^ CiVUliVI a^.1 I m m m 

1 9 J_-uaiJI ^i Lj^SJ La^j .LaJL^Ij (jl J o" ^ J ^^1 <JUuuaJI ^^lc oLa^Lt 4-ojj 
(j-A tjli-ojil Sjj-a.jJI ^IaIa 11 CjI n mi 11 (jl LajLLo JJ^aJI (^i 6,1^.1 Sjii dUfi 

JJjlIa «Ujjftj^. f^jjSJLfl a_» L^si filMi.\^ j I ft" a n II j t irfil-rtll iilj^.VI g^Jft^ ^jl ^JJ 

<£jlajj| ^ oVU^iVI 6jla J!u LaLj ojl! j^'t ^J .multi-sheeted ^U j«Vi,ll 

fiLl^ <j^Ij^ ^^L?- ^ '*H*** V Lijl tdJj <4j\J1 CjLualjIcV <JUuoLk cJIjLe» ^j 
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C*£,^l\ ^jnfl'Jl ^ £-j?jf j^* 1 ^^l-c iiULaJJ ll^fi jjaI-uj tg-jl ^ dLi ^ L* 4j! Jyj 

I ft l*t f\j A fiCY J «LaLaul <U-> mjjl «'llVCj <l*t ft() fl «CiIoLkJI 4 t i i iii II Cj^^C I n lift iJj-AJulj 

M' J J 

m; *» «* 

^J ^j^. ^AJI ^jl mm-^ II tjj^ ^yit j-*-aolj <jJi <^jj-j£l*JI ^jjiLI Sj-A-a-aJI CjI n hJ Lj 

^^j 4*i<l <(d_lj «Uji i>j^ ^ill Jli^jJI ^y*aJ (j^j mi t II t j L> Ulj\ ^1 a"^VI ^UajJI 

n. * Lu-ll 1 \ n fl .S j—S <_£j-^ «iJjLJj_>jS dj-o <U J j t a ct) J ^ j aJ <l 3 j a f, UI mij^ <jl Luaj 

- " rf i, 

^£. ^*** uJ I lJVI jjj-o f-^j-^ u 1 -'j ^ H Ij-A JiLo Ia5 ii uiiiJI 3^J3 jJ .iLilaJI 

(£>U Sj-a *jy nmj <il^i <lo ^ J5VI (^j-1^ C»l>o iMi *>?^ fJ*Jl (j£J fl flU I . tu 

<j£J «J^VI Qj^J .n <Gl ^jliLuJ (^Ul - ^jLalJI ^ ^jjLjJI JUUjVI Jij IdA 

<Q| .<jjjLaJlj <j-ilj£JI <LjJajJI JLi-a>jJ pIjj S^LA LjJ-Uj i m _ dJj <ijJ-a (j^-af V 

p^-ji (jk^-* u' ** * *** » ^jJI L* tilljjl <jjj\ mj <<jjLjiJjlLII <LLxLaJI ^^^juil ^i) Lij^l j (ii 

1 "■*«" * ,4 iNj < d * 4 a ui <*ll n s (j\ A \\i t (£jJI Lo^ «S^jJ ^jJj^J (j' ^-"*J C^ 1 ^' ^J '* ft J '"^ 

^ <f jM o "i II <j^tlJI LajjLZLlu ^yjJI <Li-A-»-oJI ^ Sjii ^j! <*IUj ja.H {J* L* .1^ J.tj" ml 

^_S Sjj_2k.j_a <jLj,jal 4_ijJ=>3 ^-fi 5jJ n"t ft C* 3 1 g"t "^2 << fl j ^ iA> Ol— ua-o^ Jj_^bj A-^-j^ 

^i L^J} CiUJl <jJLi^ oliAAaJ ^j ^Wheeler jLj L$_j pL^. ^^iJI dlt^ olli-a^ 

Al^jyi UjjL» LaJaC <G| j-A <1a ^jjJujij-o (jJ^ U' I "^*" L° J^ -10 J «^oiJI ijl^J 

.4jjl im.II lu^klj^uj (jja A unT)jJL o' <ri\ mj j *^VI 



^ M' O ^ ' & V 

(jjki^La J^-Jf <^1-J Lolc fl a^ l^j ^^ a U 1 1 li^p LL^. JjLHaaC iauii JjLlIt iiffl <L£ 
OLjj) t lj^>3 (j -6 /4 i/^'N.J V JJLC^ (\ Q "\ \ t\ &s\ ^j- fl 4j M t ll «Lljj-oJI ^-o ^pl III O J) ^j-O 
^(j^JI Ju-al ^ ^jVI ?fljh»ll tLui^JI . I (j "i j n Jhl ^ ^jH V"'^ Lh° ^ " in ^ 
(jl OAJ L^j JjMJI ^liJI <jjUI J-ua! <J\ hio Ikl^ lu .^^Jl ?tJiU ^Jb iulUlj 
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<j-a J-J-S JciC ,JI J_**a^jjl JAj l(| 1^ ^jISaVL» yg-l-LOJ jjl *_ijpjl 'ViNn *J f 4 LA^aSJI 

I j, 

Jjjs^JI jl^-aJI <j^' J^ (£^' <f-LodJLfl .«Jk-uauJI lA^J (^,uU"ll L? aa-JL «(j^iUj» 
IjJ <LuS 4 1 1 naj-fl d jimI 1 () A I t Aji \% a t flMHj Ifl ii jSj33 J)I-J \t\ cJJCLcljj <Jal iVJl 

^LJI UU \j<\ .,«"1 ^Ul ^I^LJI <u*Jbl ^113 V S^iiJI 6jJb oU «fr^k* 
*<jjjVI ^j ^»a\ti >j£, l^iauua (j^j <£ UJI i^ljj neurosciences <\s ^-n II 
'-■^j (_yjJI *L_*i»VI Jj^-aillL lJjjlj (jl jjJ} j-%1^1 lu! »^U^j 'k^J-bdi^" f^j 
<jOaJI *-jjL^ iji» o' ^ * '* * * r O- 1 *^ ^ J^* .simulations UjL^Ia n ^ Ifl-s^j 

V imicrotubules 5jj^-JI vf^^ 1 u n '^ < ^ Lo '^^J «ikUljUI j-aI>LII ^^it 

4 J i f r^ f II Li-a.jJj-Jj-1-Lll (^J-UJ ^Sl 'S J V jl d 'V PUJLJ *l U "tlj-J f4lj A ml gN A J 

£Lj jjjintll oiUa^lJ i^Aj-JI <^illl j^ ,Ajj ^j^jn.MUI neurophysiology 

s* 

^C 2 Jo-ajJI ^)-a /tf-C-J-II jl ^ **V LaJ_S jt mil *$ <4jM t nj^ II <LJI t 4 II j J-> i^jJLll 
ni> i^i II Ifl ^ Sj-o (j^ ^JaxaJI - (<Lusjx>^ltj 4 iVil jSJI juVI gL-oJj jW-^ p ^ (J^J^ 9 
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(( j_ijj UJj d La a * ^jl «Gli-oL* (^yj-J O (j-kj jl <<-L*-L» ^jl 1 In n 'i II £ya ,, >l ^ nll 
oljLaJVI t-fljJLiJ <jJ LajI a^J l*m H^jj <j5£i V 1 Uft'tll (j- 6 l'* mfo Uj| <^>l»l LaS 

.LSLLLl AjLltL <ii^J Jjdi£.J '(^J 4j? ^^ 1 ia-ajJI <j-a (^^ <JllLL ftll 

** s* 

liiLU «(^jU ii^ki» J^k j jkOr. JLo^l (^b ^^Jl ^^ <Gl J^ IjL^LLlj 

,i(j i j| a jl f^-jLa-aJI (j-° ,. 't » n i 'cO^** 1 m ,-^La-aJI o-U *L^ <LaJ_aX. ^jl .dlLaJi jL^jJ. 
'p* V k II ,-CjJI ^j-LJ ^JjjJlL! <XLa j-A£. i, fil mS" ml £*^J 111 <:« iUILjj .^-CjJI <A_lxL 

<j1 <2h> L^L^ u^j>" 6j^ o' *^-" Ljjjai-aj o^j <^La-JI ^^llj ''-^-J J^J 
(Ua^jI Li:1 j? < ^*j jUI I (j-cjJI Ji* «(^l^iJI ^>^ <>> <j_a ^l \U .^ Vl ^j-II 

lliLlj a(] I iL5lj ^jJ (jjjJI ^j^.Vt.^.j^JI pUjAJI ^jlS LaJj^ «IJ^I *La^£j ^ J^-l ' 'J mi f 4 Ini in * t 
Cj^K mi n 11 tLJLeJI jL_a.^U dl^>Ij (j? Ljj^ajj .1 't mi'il ch^ jHAj^ U^"" ^^J? f-A 

^Ij tL^lik^al cij£ ^1 non-beings cjlSl^iUl IIa Jj*-; iLuj^JI iJ^LkVI 

jjLjj ^1 <jl£J ^j <l nt i^I L Lfl-jjLaJiJj L^J \ \\ \ i .in m l (j\^[ ^J (J^aJL 

ijj^iJl cJjI.mII JdLojI ^1 <f^»UI cjLljl^iUl 6J.A ^" fj\ JLoI^.1 ^j <^fjlij-«-ajJ 

i^jdjLiiu a^ jlj i^l Jju - <j LolLaJl oIpIj^.V1 JaJ13 (jlj 1 4 * aj a ^ J ' " ' ^ LT^J^ 

.Gulliver ^>1jJLc 1$j ^JL* J*^^ J^-jJ t^'j J^*-* 



La-4j *LjjJ[ Lj>* jjSI 1^-1« (j^' i*jj -fJaJI ^ iJ^^JLoJI p-jLajJI ^J Ca5^Lj ail 
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j o 

t iJ JL IjJfc ^U fjlojl m tflj^kj Jf*^' '^ l"*lft<" "»1 L» Ijlj .«LjJJjlJI oLl m ^11 

^111 Cx*j\\ (ji ^j mU II J^aJI ^1 LaJj dii :«.flrl <A n LLA ^la^JI <3^-l 

s* 

jli /JjLU'U oljj^'tll oIjJLoj^. ^^-k ULiJ (jf^" u^ ^ t-Luj^JJ SU.j-« I1a 

^IjU-II J^JI ^Jl ^JJli ij^l ^liJI >iJI .<1oaVI jJUI ^oVL ^ IJU 

"d 

- - -» * 

6jjuj| ^Juj iLuaJJ ),it <^g>l <^jl t Tt-utl dll J (J 4 <<jJJufc M >,**** ^^J-^ LdOlC-j . J^aJI ^i\ 

LiiLk ,<J! „i Jl ^L^ ^> p.>x ? ?J "MI jLj j -i a; V UiV ^ ? rr*llj (<JjL«_JI) 

? ? <* 

<GLi <tJJj ^-oj .SjU-^ SjiaA (J^aJJ Lr Li-LaJLll (jlULiVI ^ I f. J-^AJ I odjX Ljjjt i.uJ 

^ „ J # •* * " s 

<0-5jJI JJij-« 2"-°J { ii-^- if* Jj i^i^ II aJ-£ dxC <-jJJX, j ^ j V* ^1 (J_<-fiSi^jJI J '^^J 

i-- 

6J-A Jjua^-t Loj .4_jJJjuI pul m^ II (Jj-ajJ ^1 j^ («-^ J-^-^J '^'^H- r tH J . ^>* m«* 
jjl ^La-JI ja-iiijJl jj-SJ ^Vl o^-^ LT^*"" ^JJ ft " ft ^ iLj^LJI ^^Jb <-a-jlj oLI m«^ II 

JLg^. ij^j (j-« JLaIjVI <ia.j-o U m j ^j-fl LJLa ±**jj u^j '(J^' u^j^ ' d I***** n| j 

.«GSUj ^J^UJI <>JI Sj^o JL^ i^jj ^Jl *JISlilj ^IjU'tl l JaJI 

.jlaJlj (j-a^>aJI ^j-a J>j£t jOIj <jla J-aL*lJI ljaj ^ill dllj jj^ ^lill JLHjVI 

? -* . * ^° ^ * j> ^^ 

^jJb jJI £)£. c-fl^-uaJ fjnai n CiVLa. ^i <aJjJI ^1 tjtj^JI £y* «-tolju» SjT: ^ Oj^J jJ5j 

LajIj J H" mi A Lj ^ n cjjLa-j <Loj_fl . <jj ^ " II (j-^J <u "«i*>jJI 6 j J i <"■> n CulS /y-^' j ft "H 

Jjl ^J iULia.l <tJJj (j-fl i^u mil Jj-*JJ ^(jj^' f^) LiA.J^J ft "iJ^JI ^ jllajJI £jl-^- 
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<j^ Ijoj f-Lt AJjJ^> ft Sjji dLLoj LjjI f^jjkl LjLtaJj tljJJ^ lj*iS ijjlk-oJI ilUail 
VLLa I fl"iS t^i jLjjVI *^j>I*J 6 J ir\ S H ^S OJjjl JJSj .LLjLuj ljj^j-a ^L^ J^-J 

.j-jjI>" II *Lh=4 lt^ *>*■*-" JLo-aI ^j-J-c J-SVI ^^J-c <jLjI J-*i laj <-ai 

oLjjJij <>o tjjl J-J-a ii-i-LaJI ^1 j \ m" Lf-j! <_£-!-£ Jllf L^ L$-J-a ^^>J 
6JJb ^j! ,_]! lj * Ju a fl^Jta A j Lai kQU j JJIf * .i 1^1 > S^lj,» LlAj '(J"J " "Jl" "'J 
j—S XjX a 11 i*l 1" t ^ji»LlJI j^>* * di ■" *" * f i U 'l t ^ .1 A.lr Ci i ii j lj «GuJ&J Cj' Ini h m 

c£a* V j^jJI foL^iaill *ui ^tju j! (j^-°J t£^' a^^JI ^1 g-^J ^jI fi*JI jt-^l 

(jl-j u-fll^Ir-VI <jif\ t dii <jLxjVI ^j^Ij LIIaJI <j^ cJj i"j <jj ml mVI C*l nj im^ II 
f4jlr>f iSj^la jl fiijjA-a «Gftj^la 4>^>J A^ ci) - * f^J^' c*»" ( ^>^ *U£.J^ii-o L$J 
fjLS I /U \ f Lt-aj_fl^o t__S_5j--&jl IJJb J-J-a Uj^f o' (J^ n n II (j-6 (l^J .LAjI >1A 3 
Ol uaiLlJI O-aljLa - <jVl l*>*<! (M-JJJb <LLa-L*JI u-SjLjl-oJI (jja ^ ...1 <uVI a "illl 
(jlaj <J .lLj J-S _ iij^jJL-aJI JpLLaJI <j-° J J ^ II J^-SJI (^-S 6jj^.j-a ^C 5^1 jJI 
ia-V <AJ-^al jjljllc j^-SjJ L)^'j .j'^= fc -^ iLllll j±L <Ljiall\ 6iA Jlo 4j£.jj^iLA 
jjiJI J^ (^-olsJI n() % toll ^U L^k. _ (^L^l ^^^ t^- UfS 4 ^- IjJUo I^LS .jiaJI 

^ ftUJI jjl~>" II ^-il-fijj u>^* ^ <j»-Sj i ? i -^ j ^jJI (>aj-ll (jLS - iJJj ._i I U\ <jl 
(j-S Sj^SlI AJ4J ^>i] ^-j^ ^-* f^iUlLj foLi ml mVI ^-il ni"i<[| ^ t-aill ^tn n t 

<L^_a.j^ <\ tr\ I r, f— lisL^j I^Jbj t ((^^^ "» II *L*JjLS» «JJLu-ja_aJI cJ-LaLj luI j_flj 

^-i£ fj-6 *Gl LAaLS-o t^Jlj 'K. Popper ^j^j JjLS L^-tajI f^iJI Sj^o mnll jh'JI 

(jj^i (jl t "i j I r fjiJ <4 flKH (3^^-" (3 "* a ° ILj oLj^tlll tj- J)3"*"ll LS^-^l o^-a-aJI 

«J ** o * 

<Jj-aJi Jj-a»J < r i ^ \ *Lj1 ^1 . A j a I f . CjLj>laj O j t " r I lj| I 3 <A ^J LT^ 1 C^J^^ 
(j-a^dil JjU ^*jiUII pUliVl *<-SjIj *Ljiilll (jl C*LijL tj\^oH 4$*yj (j-o tyr-fl m" 
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jLiVI «Kja. J* .aLdjj I4J £? «oA^JJ tUS hl*Jl h j ■■■•,11 .1 J_u*iJ1 ^ 
precession SjjLl« l^lo <9 J^zaiJI ^i IjjIjj Jj-uj L>£ «iLSill ^l ...^Vl ,_iji 

(jjjL2j <4-SUaJI Jal i -> *il ^jjLi (jl "''J a * II i—jj-5 f-j 1 Ai Jl f\ *■ a jl j . ijl L«- j|J_o 

(dL-oUjjj^^i ^ ^ ^mi u^ujij jjVi u>:uji) u^j^yi ^ sjL>ii 

.4-culjJI <$>aJI C)VI J>»>J lfl*imn ^ oLi£.lj3 \a$\ <j£ (q^-\M (j^jli 

o hmI Lfi\ (j-ajIilJ ( 2^J -l^j> <i^A-aJI olJ^llJI ^ la^ Jjii aar. I injl L$Jj 

* j rt Th j 1 j m" 4»j m i^aj M <Lj,k\ 1 1 ^-LSI-lu-oJI J!n 1 II J ^jlij <jl£ <dJi£ 
4_julxjj <4 \ ml mVI OuljaJI ,^-t-S * tft.a J J (4^ujLjluVI di n I m^ I 1 ^JjijJUaJI J 'i S II 
(j-a^jJJ iLli 4j>tuJI til£ (jj^j oJ-.(^ja3 ^J^> UlL-o £j^£ V tfJ^J <u^°jJ' 
^jj^j* <n Ll*»l ^j-5 t-i ini LjJj t^jjN l' 4 t Mil 1 u 2 I Ql 1 f nl ^ II * 1 e> a 1 4j5jLi CjLaju L$-»2 
.^aJjlJI jL^j^U Ijj-N &S Ifl fl mjJ jjj" ml u t l^-jlj <4^J^> m CajI^ 1$j1 6jLLo Llj 



j * ***** 1 1 O LaJLJ ''j fp^-ui J^ «UjlaJ ■""*- "'j" lj| iLaJjul 4 I a* * m (^jJ) La *(£j^ 
<dUj ^j-C 4 (j aj 4 *\ I m iLj jA * i II Aj"aj m S^jj^ 1 I iijjJL-aJI CjI j ini ^ II gi o -^ * 
la^-t Jj j 1 11 ih \ n a (j U 'nj m Ijuft (j^J .4jM ^ **ll «LijialJI 6JJ& CiLt im" i^fll itiCt mlj 
^jjiLfl jjjj^l (jj) \\ tit <*iilj fc^J ,6jl in^ 'l jljn" ml 4-lajj_ixi (JjYI ^1 P j^ij-oJI 
4 j j Im II Ijjjhrljjj <Lt^>^ <aAjJ-« u V *4jj14jJI 4f>tJjl tiiilJ (>*lill ^U^ojVI ^^ic 
(«JUjl (jjSj rn j .(10 J <n4llj a^jLajI ^i 4jjLo ^*jS"i mi (^jf-*'^^^ 6 *^ J- 1 - J^>>" 

^j J^-l-ll Jl^ gjh^j" "i « <^laJI fJ -% m \VI j_o jlLlL tjj^a mi j V 6fiJI 

Jjj fl 1 ti**i^j jij .SjLJj-flj A J t^.j 4jM "Jl ijjiaaJI (j\ CjLajI "LIL^LuiI ^-i ^jiLi 
j£J (oUL-aliVl ^^uAJ L$Jj <llK 4 4 1" ^ n Uj-ALt j^aT* f^^-i J^J <f>^ ^^ 
^2x>Sj' CX3^* (j' /^ in*i*i*t ^jlj <4 111 jl 'i n ll 4-j j h 'i 1 1 Ij ««^L*j 4jL»Ua-o Cx^^ U' Uj^ 
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V j) j h \LL g-j-^aj ^jLISJ! ^-^iju 



PETERAT 



.Lljljij < Lipiti j *L1jj£ 

v j£LiU\ j oij^ j ^lu* J u*j» | *&** 



LFOS 



IFNiiKFAT I DEA» 
VtlENCt 



^«-^- ^\j<\\ 2 «K i Jj-*jj A tatali jLl«J j 'i i^ll jij-i 



I 6J-A -Cjijj^ 



.1 jjjLj * <*JaLuj_i.j L 
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